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SUMMARY

The flying qualities characteristics of four state-of-the-art
rotary wing aircraft have been compared to the present day helicopter
and VSTOL flying qualities criteria. Longitudinal, lateral, and
directional control power and dynamic stability charcteristics are
analyzed for hovering'conditions. Forward flight static and dynamic
stability are analyzed for the longitudinal and lateral-directional
axes. Results of the analyses in terms of the applicability/utility

of the MIL-H-8501A criteria are presented for each of the above areas.

The review of the MIL-H-8501A criteria against those in MIL-F-83300,

AGARD 577, and various helicopter type specifications indicated many areas

for which MIL-H-8501A does not give adequate guidance.
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SECTION I
INTRODUCTION

With the development of a new generation of rotary wing aircraft
for military operations, it has become apparent that the presenﬁ heli-
copter handling qualities specification, MIL-H-8501A (reference (é)),
cannot accurately assess the characteristics of these aircraft. The
fact that MIL-H-8501A was last updated 20 years ago only tends to
amplify this point. The Navy Light Airborne Multipurpose System (LAMPS)
SH-60B, the Army Utility Tactical Transport Aircraft System (UTTAS)
UH-60A, and the Advanced Attack Helicopter (AAH) all use advanced flight
control systems for stability and control augmentation. The need to
test the flying qualities of these state of the art vehicle/control
systems has necessitated the use of "type specifications" or 'prime item
development specifications" uniquely devised for each new aircraft/
control system. Many papers have been written describing the numerous
shortcomings of MIL~H-8501A in realistically regulating handling qualities
of present and future helicopters (references (b) through (f)). There
is a need for an upated version of MIL-H-8501A, To facilitate the
development of revised criteria it is necessary first to compile a data
base of past and present helicopter stability and control characteristics.
This report presents the beginning of such a compilation.

The SH-60B and the CH-33D single rotor helicopters were compara-
tively analyzed against the fundamental stability and control aspects
addressed by MIL-H-8501A. Vertical control response, instrument flight
and autorotation criteria were not included at this time. Where data
were readily available for the XH-59A Advancing Blade Concept (ABC), the
XV-15 tilt rotor, and the CH-46A tandem rotor, they were also included
and discussed.
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Comparing advanced vehicle control and stability characteristics to
MIL-H~8501A provides useful information regarding applicability of
criteria format. But it is the pilot's opinions of the aircraft handling
qualities that form the final basis of evaluation. It was found through-

~out the analysis that qualitative pilot rating data were very limited

for any helicopter. This points to the fact that reliable, fully docu-
mented pilot ratings should hold a high priority in future helicopter
handling qualities data generation.

In the development of the present day VSTOL handling qualities
specifications, MIL-F-83300 (reference (g)) and AGARD 577 (referemnce (h)),
extensive rotary wing pilot rating data were analyzed to substantiate
the finalized hover/low speed criteria. Documentation of these data was
part of the specification development. Although AGARD 577 is not
intended to be a helicopter specification and MIL-F-83300 has not been
used by the Navy or Army for a helicopter development program, these
specifications do supply alternative methods of addressing VIOL handling
qualities characteristics. The alternative criteria from MIL-F-83300,
AGARD 577, and the various helicopter type specifications were directly
compared with the criteria from MIL-H-8501A to highlight specification

deficiencies and vehicle anomalies.

It should be kept in mind that within AGARD 577, it is stated that
the criteria are "intended to apply to all types of VTOL aircraft
regardless of the lift method used except for certain phases of heli-
copter operation, since the helicopter is covered by MIL-H-8501lA." This
explains why certain criteria were developed solely from STOL aircraft
test data, for example, low speed yaw control response. In contrast,
MIL-F-83300 was intended to apply tc helicopter handling qualities. Key
(reference (d)) states that some of the reasons the U.S. Navy and U.S.

Army chose not to adopt MIL-F-83300 may be related to the type of criticisms
provided by Green (reference (c)). One of the problems in using
MIL-F-83300 criteria for helicopter handling qualities is in the definition
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of Vcon' According to Green and Richards ”vcon' as defined, can not
easily be applied to helicopters, and if the guidance <:f the MIL-F-83300

BTUG is followed, then the helicopter would be required to meet the air-

plane flying qualities requirements of MIL-F-8785B." Many of the other

specific deficiencies raised by Green and Richards are discussed within

the results section of this report.

Section II contains a brief description of the approach used to
analyze the SH-60B and the CH-53D math models. The data from the XH-59A
and the XV-15 were from recently completed Navy and Army f£light test

programs.

Section III is divided into the hover/low speed analysis results
and the forward flight analysis results. Attitudé response, angular rate
damping and dynamic stability for the pitch, roll, and yaw axes are
discussed for hover/low speed flight. Static and dynamic stability are

analyzed for forward flight.

Finally, Section IV summarizes the overall conclusions and recom-

mendations from the comparative analyses.
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SECTION II
APPROACH

For the SH-60B and CH-53D single rotor helicopters, a three degree
of freedom (DOF) linear model was used to generate open and closed loop
control transfer functions. The 3 DOF analysis was decided upon for two
major reasons. One, MIL-H-8501A decouples its criteria into longitudinal
and lateral-directional modes. Two, a comparison between 3 DOF and
6 DOF control response time histories and characteristic equation roots
revealed minimal differences for the flight conditions and aircraft
configurations examined. Figures 1 and 2 are typical time history and
frequency response comparisons generated for the CH-53D. Figure 3,
taken from reference (i), shows a similar frequency response comparison
between 2, 3, and 6 DOF models.

The calculated open and closed loop transfer functions were analyzed
for hover control response, hover dynamic stability, and forward flight
dynamic stability characteristics. The velocities analyzed included O,
80, 120, and 150 knots. Because direct comparison between the aircraft
response and MIL-H-8501A was intended, the control input types were
those specified in MIL-H-8501A.

As previously mentioned, the XH-59A Advancing Blade Concept (ABC)
and the XV-15 tilt rotor recently completed flight test programs.
Control and stability data from those tests that were applicable to
MIL-H-8501A criteria were included and discussed. Also, unlike the math
modeled aircraft, quantitative and qualitative pilot rating data were
available from the flight test reports (references (j), (k) and (1)).
These data were extremely useful in identifying handling qualities

differences due to the varied rotor configurations.
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SECTION III
RESULTS

To present the results in as clear and concise a form as possible,
a series of tables and graphs are used. A brief description and graphical
interpretation qf each criterion for each specification is first presented
along with the specification paragraph. Contrasting points between the
specification criteria are then discussed. Plots of the aircraft model
and flight test data in relation to these criteria are next shown and
discussed. Finally, a position on the acceptability/utility of the
MIL-H-8501A criteria is presented.

The results are divided into hover/low speed and forward flight
sections. MIL-H-8501A, on the other hand, has a general format of
longitudinal and lateral-directional criteria. The significant dif-
ferences in the stability and control characteristics of helicopters
between hover and forward flight are more thoroughly addressed by a
hover/low speed, forward flight breakdown. MIL-F-83300 uses this type

of division for the specification requirements.
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HOVER/LOW SPEED

- Hover Attitude Response; Longitudinal

MIL~-H-8501A . Comments

3.2.13 Longitudinal control power The control power (control
shall be such that when the helicopter response) requirements for a
is hovering in still air at the helicopter are most demanding
maximum overload gross weight or at in a hovering flight mode.
the rated power, a rapid 1.0-inch During a precision hover over
step displacement from trim of the a moving ship deck, for example,
longitudinal control shall produce a pilot will be using rapid,
an angular displacement at the end small control inputs. Thus,
of 1.0 second which is at least the short term response charac-

45 teristics are of primary im-
irﬁxiaaa degrees. When maximum portance. Present day helicopters

achieve translational accelerations
via attitude response in the pitch
and roll axes, or thrust vector

available displacement from trim of
the longitudinal control is rapidly
applied, the angular displacement at

tilting. This is the reason
the end Oflééo second shall be at attitude response within 1 second

leagt 5———— degrees. In both is specified for hover control
W+1000 power.

expressions W represents the

maximum overload gross weight of Walton and Ashkenas (reference (b))

the helicopter in pounds. describe the MIL-H-8501A response
dependency on weight as inadequate.
They suggest making the required
response a function of the expected
operational mission.

15,
The full control displacement
attitude response is 4 times the

unit control input response.

Through linear considerations,

- this suggests that at least

. 5 4 inches of longitudinal control
B s BMax displacement be available from

the trimmed hover control posi-

SL tion or for most helicopters

roughly 40Z longitudinal control
IN .’~’-,-7-i:!f____ 531 motion.

”Il,,—r
, _ condition is still wind (less than

0 10000 20000 30000 3 knots).

Note that the specified test

Vehicle Weight ~ Lbs The SH-2F, CH-53D, and CH-53E
type specifications use the above
paragraph for longitudinal attitude
response requirements.

14
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MIL-F-83300

3.2.3.2 Longitudinal Response to Control

NADC-81023-60

Input. The ratio of the maximum change,
occurring within the first second follow-
ing an abrupt step displacement of the
appropriate cockpit control, to the
magnitude of the cockpit control

command shall lie within the bounds of
the following table. There shall be no
objectionable nonlinearities in aircraft
response to control deflections and
forces.

Response to Control Input
in One Second or Less
(degrees per inch)

Level Min Max
1 3.0 20.0
2 2.0 30.0
3 1.0 40.0

Comments -

The level 1 boundaries are for a
normal flight mode. Also note the
maximum response limitation which
quantifies an oversensitive aircraft.

A
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AGARD 577

2.2 Pitch Control Power. From
trimmed conditions in hover, and
for the envirommental conditions
and the mission specified for each
type of aircraft, the pitch control
should be sufficient to achieve
4 degrees of pitch attitude per
inch of stick deflection after 1
second.

Comments -~ AGARD 577 presented a
range of attitude values and speci-
fied that the largest value (4 degree
would be for aircraft whose missions
require extensive hover and low speed
maneuvering. Thus the above 4 degree
is required for helicopters. The
enviromment conditions are those
specified by the procuring activity.
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- Hover Attitude Response; Longitudinal
SPECIFICATION COMPARISONS

Of the three specifications presented only MIL-H-8501A includes a
control power dependency on vehicle weight. Both MIL-F-83300 and AGARD
577 specify a maximum response for level 1 flying qualities, as defined
by Table I, regardless of the aircraft size or mission. This is cited
as a deficiency in MIL-F-83300 according to reference (c). Walton and
Ashkenas (reference (b)) suggest that response requirements should be
categorized according to vehicle mission to eliminate the use of a
common design value for attack, utility and cargo helicopters. MIL-F-
83300 has 4 classes of vehicles (see Table II) for control force and
forward flight roll response criteria. Implementing a similar format
into a helicopter/rotary wing specification would allow for the addition
of a shipboard operations category as well as a nap of the earth (NOE)
operations category. Both of these missions require the vehicle/pilot
system to operate in extreme enviromments demanding performance in
excess of the no-wind, out-of-ground effect control response design

criteria requirements.

MIL-F-83300 specifies a maximum attitude response for a unit stick
input thereby limiting sensitivity of the controls. Both AGARD 577 and
MIL-H-8501A address control sensitivity by requiring a minimum value for
control damping. Degraded responses due to failure states are specified
in MIL-F-83300 only. The absence of specific degraded flying qualities
levels in MIL-H-8501A is one of the major deficiencies cited about
MIL-H-8501A by Key (reference (d)).
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TABLE I. FLYING QUALITIES LEVELS

Pilot FQ FQ
Rating Level Description
1.0 - 3.5 Level 1 Flying qualities clearly adequate

for the mission Flight Phase.

3.5 - 6.5 Level 2 Flying qualities adequate to
accomplish the mission Flight Phase,
but some increase in pilot workload
or degradation in mission effective-
ness, or both, exists. .

6.5 - 9.0 Level 3 ' Flying qualities such that the air-
plane can be controlled safely, but
pilot workload is excessive or
mission effectiveness is inadequate,
or both,

TABLE II. MIL-F-83300 CLASSIFICATION OF AIRCRAFT

p ) Class Description
{ | 1 Small, light aircraft such as
- - light utility
- - light observation
11 Medium weight, low-to-medium

maneuverability aircraft such as

utility

search and rescue
anti-submarine
assault transport

I11 Large, heavy, low-to-medium
maneuverability aircraft such as

~ heavy transport
- heavy bomber

Iv High maneuverability aircraft
such as

- fighter
- attack

P ",-"“va' vy r e Ty T
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- Hover Attitude Response, Longitudinal

DATA COMPARISONS
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0 10 20 30 40

Vehicle Weight ~ 1000 Lbs

The above plot shows that all the aircraft satisfy MIL-H-8501A but
the CH-53D does not meet the MIL-F-83300 limit. The CH-53D is a current
fleet aircraft with hover control power that is qualitatively described
as adequate. This lends credence to the MIL-H-8501A weight factor,
i.e., heavier vehicles can have lower longitudinal attitude response.
The pilots reported the XV-15 response to be a little sluggish and
indicated more control sensitivity would be desirable, yet the aircraft
easily meets the MIL-H-8501A boundary. Note that the XH-59A, rigid
rotor, with similar gross weight to the XV-15, shows twice the control
response, Pilots described the XH~59A response as adequate. Lateral
and directional response characteristics highlight the differences

between rotor configurations more so.
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NADC-81023-60

- Hover Attitude Response; Lateral
MIL-H-8501A

. 3.3.18 Lateral control power shall

be such that when the helicopter is

hovering in still air at the maximum

overload gross weight or at the rated
e power, a rapid l-inch step displacement
-, from trim of the lateral control shall
b produce an angular displacement at the
2 end of one-half second of at least

L 27 degrees. When maximum
M v

, available displacement from trim of
' the lateral control is rapidly applied

. at the conditions specified above, the
resulting angular displacement at the
end of one-half second shall be at
least 81 degrees. In both

3

expressions W represents the maximum
overload gross weight of the helicopter
in pounds.

_lq

DEG

0 10000 20000 30000

Vehicle Weight ~ Lbs
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Comr ents

Precision hover over a spot requires
using longitudinal and lateral controls
to develop translational accelerations
along either axis. Just as described
in 3.2.13 Longitudinal Attitude
Response, the acceleration is
developed through a tilting af
the main rotor thrust vector or
by an initial attitude respomnse.

This lateral control power criteria
is exactly the same as 3.2.13

except that the response has to be
within one-half second. There is no
reason specified in MIL-H-8501A as to
why the lateral response should be
within one-half second instead of
one second. Walton (reference (b))
states that the use of one-half
second places a premium on aileron
deflection rate, and represents a
difficult flight test procedure.

To allow for a direct comparison

of this criteria with the other
specifications the multiplying
factor presented in reference (b)
will be used. The factor (=4) was
determined with the assumption

that the vehicle would have moderate
to low roll rate damping (i.e., = -1

sec-l). With higher damping the
factor decreases, For instance, Lp

= -8 sec:_l the factor should be 2.6.

Weight parameter, full control input
and still wind comments are the same as
described in 3.2.13, Longitudinal Attitude
Response.

The SH~-2F, CH-53D, and CH-53E type
specifications use the above paragraph
for lateral attitude response require-
ments.
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MIL-F-83300

3.2.3.2 Lateral Response to Control
Input. The ratio of the maximum change,
occurring within the first second
following an abrupt step displacement
of the appropriate cockpit comtrol to
the magnitude of the cockpit control
command shall lie within the bounds
of the following table. There shall
be no objectionable nonlinearities
in aircraft response to control
deflections and forces.

Response to Control Input
in One Second or Less
(degrees per inch)

Level Min Max

1 4.0 20.0
2 2.5 30.0
3 1.0 40.0

Comments -

Same as 3.2.3.2 Longitudinal Response
to Control Input.

21
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AGARD 577

3.2 Roll Control Power. From trimmed
conditions in hover, and for the envi-
ronmental conditions and the mission
specified for each type of aircraft,
the roll control should be sufficient
to achieve 4 degrees of roll attitude
per inch of stick deflection after
one second.

Comments -~

Same as 2.2 Pitch Control Power.
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-Hover Attitude Response; Lateral

SPECIFICATION COMPARISONS

As noted MIL-H-8501A requires the roll response to be within one-
half second unlike MIL-F-83300 or AGARD 577. Both of the VSTOL specifications
require a minimum bank angle response of 4 deg/in within one second of

control application regardless of the vehicle weight or mission.

Other comments on weight vs. mission control power dependencies are
discussed in the longitudinal hover attitude response specification

comparisons.
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- Hover Attitude Response; Lateral

DATA COMPARISONS

. SH-60B
"I 0] § CH~53D
CH-46A
5 L B Xv-15
s L PY SOLID SYMBOLS -
#;  DEG AUGMENTATION ON
N N o, |

N ~7T7r—r——p—p——yp—p MIL-H-8501A

Vehicle Weight . 1000 Lbs

For the MIL-H-8501A roll response within one~half second boundary
all the aircraft compared favorably. The variation in response due to
rotor configurations is very apparent between the SH-60B (single rotor)
and the CH~46A (tandem rotor). The SH-60B with the tail rotor augmenting
the roll control moment has over twice the response of the similar
weight tandem rotor. A single rotor helicopter with a tail rotor sitting
moderately above the vehicle center of gravity cam, through control

system cross coupling, develop large roll moments due to the tail rotor.

23
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- Hover Attitude Response; Lateral

DATA COMPARISONS
W0~ £ 4 L bkt £ 4 L 2 4L MIL-F-83300 L1

0] © SH-60B
15| 8 CH-53D
CH-46A
A XH-59A
L B xv-15
¢ 10
6_1_ 2%; ® SOLID SYMBOLS -
A a AUGMENTATION ON
3 A AGARD 577
- - —r — - 4~ MIL-F-83300 L1
& MIL-H-8501A (X4)
0 | ' 1 [}
0 10 20 30 40

Vehicle Weight ~ 1000 Lbs
The MIL-H~8501A (X4) curve is the one-half second response multi-
plied by the factor presented in reference (b). This allows for a
direct comparison between the different specifications. As in the
longitudinal response the CH-53D is just below the MIL-F-83300 limit.
Again the weight dependency may be suggested. Note that in contrast to
pitch control the CH-46A barely satisfies the specifications. According

to reference (c), MIL-F-83300 is currently unsatisfactory for helicopter
applications because tandem rotor aircraft are not adequately addressed.
- - It should be noted the MIL-H-8501A also does not account for varied

rotor configurations, tandem or otherwise.

Note that the CH-53D and CH-46A barely meet the MIL-H-8501A (X4)
{- limit while the XV-15 does not satisfy it. This is in contrast to the
MIL-H-8501A (one-half second response) plot that shows all three of
these aircraft easily meet the specification. The CH-53D, CH-46A and
XV-15 are all highly damped vehicles in roll, while the reference (c)

A factor was developed for moderately damped aircraft.
=
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NADC-81023-60

- Hover Attitude Response; Directional

MIL-H-8501A

3.3.5 Directional control power shall
be such that when the helicopter is
hovering in still air at the maximum
overload gross weight or at rated take-
off power, a rapid 1.0-inch step dis-
placement from trim of the directional
control shall produce a yaw displacement
at the end of 1.0 second which is at
leasg 110 degrees. When maximum

available displacement from trim of
the directional control is rapidly
applied at the conditions specified
above, the yaw angular displacement
at the end of 1.0 second shall be at
leasg 330 degrees. In both

equations W represents the maximum
overload gross weight of the heli-
copter in pounds.

3.3.7 The response of the helicopter
to directional-control deflection,
ag indicated by the maximum rate of
yaw per inch of sudden pedal dis-
placement from trim while hovering
shall not be so high as to cause a
tendency for the pilot to overcontrol
unintentionally. In any case the
sensitivity shall be considered
excessive if the yaw displacement
is greater than 50 degrees in the
first second following a sudden
pedal displacement of 1 inch from
trim while hovering at the lightest
normal service loading.

26
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Comments

Yaw control in hover is used
primarily for azimuth positioning.
To keep the aircraft response from
being overly sensitive an additional
paragraph states that a 50 degree
attitude variation in the first second
after the control input is excessive,

Weight parameter, full control
input and wind condition comments
are as discussed under 3.2.13
longitudinal attitude response.

The SH-60B type, which used
MIL-H-8501A extensively as a base
specification, changed the 50 degrees
in 1 second requirement to 30 degrees
in 1 second.

The SH-2F, CH-53D, and the CH-53E
type specifications used the above
paragraph for directional attitude
response requirements.

SO{JILjilgl 2 VS 1
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MIL-F-83300

3.2.3.2 Directional Response to Control

Input. The ratio of the maximum change

occurring within the first second
following an abrupt step displacement
of the appropriate cockpit control to
the magnitude of the cockpit control
command shall lie within the bounds
of the following table. There shall
be no objectionable nonlinearities

in aircraft response to control
deflections and forces,

Response to Control Input
in One Second or Less
(degrees per inch)

Level Min Max

1 6.0 23.0

2 3.0 45.0

3 1.0 50.0
Comments -

Same as 3.2.3.2 Longitudinal
Response to Control Input.

27

AGARD 577

3.12 Yaw Control Power. From
trimmed conditions in hover, and
for the wind conditions specified
the yaw control should be sufficient
to achieve 15 degrees of heading
change in 1 to 2.5 seconds after
an abrupt control input.

Comments -

For directional control a
specific heading change has to
be met within a range of time for
a full pedal (directional control)
input. It is not clear within
AGARD 577 where helicopters or
similar vehicles lie in the 2.5
to 1.0 second band. The substan-
tiation data used in the develop-
ment of this criteria is taken
largely from STOL flight tests.
It was assumed in this report
that the lower time (1 second)
should be used for vehicles
requiring high hover directional
control power, i.e., helicopters.
The average full pedal range for
the vehicles analyzed is approxi-
mately 5 inches. Assuming in
trim the pedal is at 50%, this
leaves 2.5 inches of travel
available for an abrupt input.
The response per inch of input
is found to be exactly that
specified by MIL-F-83300:
6 degrees within one second.
This value will be used in
subsequent comparisons.
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NADC-81023-60

- Hover Attitude Response; Directional
SPECIFICATION COMPARISONS

Each of the specifications require a particular heading change in 1
second or less to demonstrate yaw control power. Both MIL-H-8501A and
MIL-F-83300 also have a sensitivity limit, though the MIL-H-8501A value
is extremely large. The SH-60B type specification upper limit value is
more consistent with that of MIL-F-83300.

Weight vs. mission control power dependencies are the same as

discussed in the longitudinal hover attitude response specification

comparisons.

28
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- Hover Attitude Response; Directional

DATA COMPARISONS
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Vehicle Weight ~ 1000 Lbs

As seen in the pitch and roll response comparisons, here again each
of the aircraft satisfy the MIL-H-8501A criteria. The CH-46A and the
XV-15 have the least directional control power, which is characteristic
The SH-60B has more
than twice the yaw response of the CH-46A just as the in roll case.

of the rotor configurations without a tail rotor.

This again suggests the possible need for criteria accounting for varied
rotor concepts., With the new systems presently being proposed for

future Navy and Army missions (e.g., ABC, X-Wing/CCR, tilt-rotor) it can
be expected that flying qualities differences between rotor configurations
will be uncovered. Whether a pilot will allow for a lower response
because of rotor configuration or specific mission, however, still

needs to be answered.
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~ Hover Attitude Response

The MIL-H-8501A hover control response criteria are the means by
which helicopter flying qualities control power requirements are estab-
lished. Each of the aircraft tested faired well against the MIL-H-8501A
criteria, overall, The CH-46A was low on yaw response, just passing the
required attitude change, and likewise the XV-15 appeared low on yaw and
roll control power by barely meeting the criteria. The interesting
point is that the CH-46A is described by pilots as having low directional
concrol power, but more than adequate for the assault/transport mission.
The XV-15 in contrast was given level 2 ratings but still satisfied
MIL-H-8501A. A control power dependency on aircraft mission could
eliminate the prcblem of designing similar weight attack and tramsport
helicopters with the same control power requirements. The effect of
varied rotor configurations upon control power needs further data and
analysis to be quantified into criteria. Although the MIL-H-8501A
weight parameter is more applicable to helicopters than the MIL-F-83300
and AGARD 577 constant attitudes, it can not adequately address mission

and rotor configuration differences.

Comparing the ratio of absolute values for hover control power

between the three axes, as below,

REFERENCE 0,/0,/Y
(a) MIL-H-8501A 1/2.40/2.44
(g) MIL-F-83300 1/1.33/2.00
(h) AGARD 577 1/1.00/1.50
(b) STI Report No. 143-1 1/2.00/2.00

shows that the VSTOL specifications (references (g) and (h)) require

only slightly more roll control power than pitch. MIL-H-8501A and the

30
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Bz STI report show that helicopters should have at least twice as much roll
_’ control as pitch. Part of this difference could be explained by the

high lateral-directional gust sensitivity of single rotor helicopters.

Directional control power is on the order of twice the pitch control for
all the above references. In comparison, the VSTOL Type A RFQ/I (refe-
rence (p)) had the required directional control power less than roll and
pitch. Whether or not the fixed wing lift cruise fan model data used to
substantiate the reference (p) criteria are applicable to helicopters

requires further data and analysis.

Another significant difference between the specifications is that
MIL-H-8501A specifies still wind conditions for the response test while
MIL-F-83300 and AGARD 577 neglect to spell out the conditions, although
the MIL-F-83300 criteria is applicable in steady wind conditions up to

the limits of the service flight envelope. Paragraph 3.2.3.2 of MIL-

F-83300 is also supplemented with a worst case control power criteria,
It is stated that for the wind (strength not quantified) from the most
critical directions to the aircraft, minimum level 1 pitch, roll and yaw
attitudes of at least +3, +4 and +6 degrees respectively, must be demon-
strated within 1 second for simultaneous abrupt, full pitch, roll and

yaw control inputs. In contrast MIL-H-8501A requires a multiple of the
unit control input response be demonstrated for full control input. As
discussed this places a minimum on the control displacement range for

linear systems. A helicopter meeting the MIL-H-8501A full throw require-

ments will not necessarily have adequate control power in turbulent
conditions. MIL-H-8501A does have an additional directional control
response minimum for a 35 knot wind from the most critical heading angle
to the aircraft. The full pedal input response for this condition must
be as large as the still wind unit input response. This type of criteria
should be extended to include the longitudinal and lateral axes (as in
MIL-F-83300) as well for aircraft required to maneuver and frequently

operate on adverse wind conditions. The small landing platforms and

31
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NADC-81023-60

wind and sea conditions Navy helicopters will be expected to launch and
recover from 'is one example of a mission that may not be adequately
designed for by the still wind, out-of-ground effect control power
criteria in MIL-H-8501A.

The MIL-H-8501A hover attitude response criteria is applicable and
quite comparable to the present Navy helicopters analyzed. The weight

parameter used in MIL-B-8501A does account for response differences due
to aircraft size that neither MIL-F-83300 or AGARD 577 could cover. The

possibility of making the attitude response a function of the vehicle
mission should be considered. Using these mission categories a shipboard
operations group for the Navy and an NOE operations group for the Army
could be included. The other area needing further analysis is the
inclusion of a means to address response differences due to varied rotor

configurations.
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NADC-81023-60

- Hover Control Damping; Longitudinal
MIL-H-8501A

3.2,14 To insure satisfactory initial
response characteristics following a
longitudinal control input and to mini-
mize the effects of external disturbances,
the helicopter in hovering shall exhibit
pitch angular velocity damping (that is,
a moment tending to oppose the angular
motion and proportional in magnitude
to the angular velocity) of at least

8 (Iy) 0°7.ft-lb/rad/sec, where Iy is

the moment of inertia aboyt the pitch
axis expressed in slug-ft~.
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Comments
-

Along with the attitude response
criteria MIL-H-8501A includes angular
velocity damping .limitations. By
requiring a specific amount of rate
damping, an upper bound is placed on
control/gust sensitivity. The attitude
response criteria is aligned to flight
test procedures. It accounts for the
control moment generated by the control
input (MdB, Ldl, Ndp)’ the damping

moment (M , Mp, Nr)’ velocity sta-

bility (4 , L

N') and aircraft
inertia.

’
|}

By assuming a straight forward one-

degree-of-freedom response as

My 9B

_B———:e

(s + Mq)
the effects of damping and control
input on attitude response can be
analyzed. Thus by using both 3.2.13
longitudinal control power and 3.2.14
longitudinal control damping a range
of satisfactory hover control response
designs is determined. This is accom-
plished by plots of control damping
vs. sensitivity.

Walton and Ashkenas (reference (b))
suggest that longitudinal control
damping should be between -1 and
-1.5 sec — regardless of aircraft
inertia or mission. This will reduce
the pilot's lead requirements. The
higher damping (~1.5 sec ~) is for
multiloop control systems,

The SH-2F, CH~53D, and CH-53E type
specifications use the above criteria
for longitudinal rate damping require-
ments,
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MIL-F-83300

Pitch rate damping is not included
in the specification.

Comment - MIL-F-83300 accounts for
initial response and sensitivity
constraints by specifying a minimum
and maximum allowable pitch attitude
response per inch of control input
in one second.

35

AGARD 577

2.4 Pitch Damping. For hover
conditions the aircraft should possess
pitch angular velocity damping of at
least -!/to -2 sec” '.

Comment ~ The above range of values

is for a rate stabilized system. An
attitude stabilized system must have

a damping value of at least -2 sec '.
The least amount of damping permissible
(-Egsec-l) will be used in the data
comparisons.
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NADC-81023-60

- Hover Control Damping; Longitudinal
SPECIFICATION COMPARISONS

Both MIL-H-8501A and AGARD 577 explicitly specify pitch control
damping, although different definitions are used. The MIL-H-8501A value
should be divided by Iy to bring it in line with the AGARD 577 definition
of Mq ~ sec-l. The lower plot under the MIL-H-8501A criteria 3.2.14.
shows this as

-1 -.3
M sec =81
q ( ) y

MIL-F-83300 does not specify pitch damping but the range of pitch attitude
response presented in longitudinal hover attitude response was determined

by analyzing pilot rating data for various control damping and sensitivity
values. Figure 4 taken from reference (q) shows how one set of data for

a light weight single rotor helicopter compares with the MIL-F-83300

level 1 attitude response boundaries.

There is very little explanation within reference (h) on how the
range of values given by AGARD 577 should be used. The higher damping
(-2 sec-l) is to be used as a minimum for attitude stabilized systems.
The MIL-H-8501A values are a function of aircraft inertia. A very small
single rotor helicopter can have Iy = 1000 slug—ft2 which would require
an Mq = -1 sec:._l Larger helicopters in general would require progressively
less damping. The value presented in reference (b) (Mq = -1 sec_l) is

in general more demanding than the other specifications,
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NADC-81023-60

- Hover Control Damping; Longitudinal
MIL-H-8501A

= == MIL-F-83300 Level 1
DATA COMPARISONS — . ~ AGARD 577

SOLID SYMBOLS - AUGMENTATION ON

‘l‘r 77 “r 7 7
M . sec” 7 ,, 7 47

2 ¢ i J{
-J.,
..I/ Xv-15
{4
1
1
0 1 2 2
0 «50 1.0 0 <25 «50
Me =~ rad/sec2 .~ rad/sec?
‘B in MCB iés

For normal flight conditions with augmentation systems on, each of
the analyzed vehicles easily meet the MIL-H-8501A pitch damping criteria.
As in the pitch attitude response plot shown earlier, the CH-53D is
unsatisfactory in comparison to the MIL-F-83300 boundary. One interesting
point lies in the XV-15 data from a 1977 flight test. The pilots gave
an overall rating of level 2 for control response, yet MIL-H-8501A shows
the response to be satisfactory. MIL-F-83300 and AGARD 577 correlate
better with the qualitative ratings for the XV-15 response.
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NADC~-81023-60

- Hover Control Damping; Lateral
MIL-H-8501A

3.3.19 To insure satisfactory initial
response characteristics following a
lateral control: input and to minimize
the effect of external disturbances,
the helicopter in hovering, shall
exhibit roll angular velocity damping
(that is, a moment tending to oppose
the angular motion and proportional
in magnitude to the rolling angular

velocity) of at least 18 (I )0.7
ft-1b/rad/sec, where I_ is The
moment of inertia abouf tEe roll
axis expressed in slug-ft™.

3.3.15 The response of the heli-
copter to lateral-control deflection,
as indicated by the maximum rate of
roll per inch of sudden control de-
flection from the trim setting,
shall not be so high as to cause a
tendency for the pilot to overcontrol
unintentionally. In any case, at all
level flight speeds, including hovering
the control effectiveness shall be con-
sidered excessive 1f the maximum rate
of roll per inch of stick displacement
is greater than 20 degrees per second.
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Comments

Roll damping in hover is regulated
similar to pitch damping previously
discussed., The moment of inertia
about the roll axis I_ is used to
determine satisfactor§ damping charac-
teristics as shown., MIL-H-8501A also
includes a criteria limiting maximum
roll rate per inch of control input.
The 20 deg/sec criteria tends to
require higher control damping than
that specified by 3.3.19 for high
control sensitivity. This is pointed
out on the Data Comparison plots.

For other comments see 3,2.14 longi-
tudinal hover control damping.

The SH-2F, CH-53D, and the CH-53E type
specifications use the above criteria
for lateral rate damping requirements.

m " sl mtamte e taha Ak
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Satisfactory

Roll damping ~
1000 ft-1b/rad/sec
w

.1 1 10
I, ~ 1000 slug-ft2
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2
00
L] 3
B
o § 2
=R
/o)
z 0 ry ']
.1 1 10

I, ~ 1000 slug-ft2
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MIL-F-83300 AGARD 577
Roll rate damping is not specified 3.6 Roll Damping. For hover con-
in MIL-F-83300. ditions the aircraft should possess

roll angular velociiy damping of at
least -2 to -4 sec

Comments - Same as for hover control Comments - Similar to the pitch

damping in pitch., . damping criteria AGARD 577 presents
a range of values for roll damping.
The attitude stabilized systems
should have roll damping characters
istics of at least -1.5 to -4 sec .
Very little guidance is presented
in reference (q) on how to choose
an appropriate value within the
range given. In further data coms
parisons the lower value (-2 sec )
will be employed.
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NADC-81023-60

- Hover Control Damping; Lateral

SPECIFICATION COMPARISONS

L As in the longitudinal control damping case both MIL-H-8501A and
:? _AGARD 577 specify roll control damping limitations. MIL-F-83300 uses
b minimum and maximum roll control attitude responses to specify satis-
i factory roll control power. The additional MIL-H-8501A criteria limiting 1
roll rate to 20 deg/sec/in highlights the concern of over controlling a
h helicopter laterally.

f:’j. Other comments follow those discussed in the longitudinal hover

control damping specification comparisons.
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- Hover Control Damping; Lateral

DATA COMPARISONS

. 8¢ / ® ucon
L . sec
P
4 -
G Y—yp T
oLy s L
0 1 2
16 p
L . sec‘1
P
8
0
0
L., =~ rad/sec2

in

& MIL-F-83300 and AGARD 577.

plicable to the vehicles tested.
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MIL-H-8501A :
— — MIL-F-83300 Level 1
— - = AGARD 577

SOLID SYMBOLS - AUGMENTATION ON

8 ¢
4 b
0
0
4
2 -
0
0 25 50
LGA ~ rad/sec2

in

Each of the aircraft analyzed meet the MIL-H-8501A limitations
- including the 20 deg/sec boundary. The CH-53D and XV-15 again, as in
' pitch, show lower roll control sensitivity than that specified by

F Overall the MIL-8501A roll damping criteria is adequate and ap-
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- Hover Control Damping; Directional
MIL-H-8501A

3.3.19 To insure satisfactory, initial
response characteristics following either
a directional control input and to mini-
mize the effect of external disturbances,
the helicopter in hovering shall exhibit
yaw angular velocity damping (that is, a
moment tending to oppose the angular
motion and proportional in magnitude to
the yawing angular velocity) of at least

27 (1 )’7 ft-1b/rad/sec, where Iz is the
momenf of inertia abgut the yaw axis
expressed in slug-ft~.

20 (

Satisfactory

—
o

Yaw Damping -
1000 ft-1b/rad/sec

o

A

.1 1 10
1, ~ 1000 slug—ft2

10
[
Satisfactory
N
[
=~
[-4]
5. S5}
¥
A @
3
P
0 . )
.1 1 10

I, - 1000 slug-ft?
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Comments

Yaw damping is regulated in a similar
manner to pitch and roll damping. Com-
ments regarding its use are the same
as in the longitudinal control damping
discussion.

The SH-2F, CH-53D, and the CH-53E use
the above paragraph (3.3.19) for direc-
tional control damping requirements.
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MIL-F-83300

3.2.2.2 Directional Damping. While
hovering at zero airspeed, the yaw mode
shall be stable and the time constant
shall not exceed the following:

Level 1:
Level 2:

1 second
2 seconds

For level 3 operation there shall be
no tendency toward aperiodic diver-
gence in yaw.

Comment - In addition to the maximum
yaw attitude response per inch of con-
trol input MIL-F-83300 also limits

the yaw mode time constant. As defined
in reference (q)

where Nr the yaw damping corresponds
to Mq and Lp already discussed. One

of the reasons MIL-F-83300 has a yaw
damping criteria and not a pitch or
roll criteria is described in refer-
ence (q) as a means to ensure compat-
ability of gust and control response.
Single rotor helicopters, in particu-
lar, are susceptible to yaw gust
response problems. If the tail rotor
is located far above the center of
gravity the gust response could also
cross-couple into roll response.

45
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AGARD 577

Yaw rate damping is not specified
in AGARD 577.

Comment ~ The directional damping
characteristics of a fixed wing VSTOL
aircraft tend to be very different
than those of a helicopter. Cross-
coupling between yaw and roll tends
to be more prevalent in fixed wing
vehicles in hover. A majority of
the test data analyzed in the de-
velopment of AGARD 577 was from
fixed wing vehicles. AGARD 577
addresses directional damping by
specifying £ , w_for lateral-direc-
tional modes. n
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NADC-81023-60

- Hover Control Damping; Directional
SPECIFICATION COMPARISONS

The only significant difference between yaw rate damping and the
previously discussed pitch and roll- rate damping is that MIL-F-83300 has
a criteria limiting Nr while AGARD 577 does not. This is primarily due
to the type of data analyzed for the criteria development. MIL-F-83300,
originally intended to be applicable to helicopter flying qualities,
included numerous helicopters in the yaw rate damping analysis. AGARD 577
in contrast, not to be used for helicopters, primarily analyzed fixed
wing VTOL and VSTOL aircraft.

Other comments follow the longitudinal hover control damping section.
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- Hover Control Damping; Directional

MIL-H-8501A
— — MIL-F-83300 Level l
DATA COMPARISONS — . — AGARD 577
4 p 2r 7
/J CH-53D
Ny ~ sec™l ] 7 *
2 F 1p . {—/—r-r-
i L4 td [ 4 7Ty
| O
0 0 1 ,
0 0 25 «50
2 ¢ 9 ¢
1 : ;/ XV-15
Nr ~ Sec - <
] A
1 1
11 - { e Sy~
1 ° 1
0 . . 0 N ,
0 «25 .50 0 25 «50
Ng =~ rad/sec? Ng =~ rad/sec?
P in P in

L L R TR, PP VR

md mt et e miat e e et e liatee e oaa elae il e mea s A e [ A Y

The previous discussions about flying qualities differences due to
varied rotor configurations show up vividly in the above plots. Both
the SH-60B and CH-53D meet the specifications criteria and have been
qualitatively described by fleet pilots as quite adequate. Neither the
XH-59A nor the XV-15, however, satisfy the MIL-H-8501A or MIL-F-83300
limitations. The XV-15 for SCAS on flight is right on the MIL-H-8501A
limit, This correlates quite well with the overall pilot rating of
level 2 flying qualities in hover. The XH-59A in contrast is well below
the MIL-H-8501A damping limitation yet pilot comments described yaw
responses as "crisp, predictable" and the "high yaw rates (in excess of
45 deg/sec) that resulted from 1 inch pedal step inputs were well-damped
and easily arrested, allowing large, rapid heading changes." A level 1
rating was given for the aircraft characteristics in yaw. There is a
need for more pilot rating of the ABC yaw control flying qualities to
completely analyze the apparent anomaly between MIL-H-8501A and the ABC.
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El_ ~ Hover Control Damping

For each of the vehicles analyzed the MIL-H-8501A longitudinal and
lateral hover control damping requirements were easily satisfied. The
XH-~59A and XV-15 did not compare favorably with the MIL-H-8501A direc-
tional damping criteria though. An interesting point was found with the
XH~59A. .Although the vehicle did not satisfy the minimum MIL-H-8501A
directional damping requirement, pilots gave the aircraft favorable

TR T

ratings, describing the response as well-damped. Further testing is
necessary to analyze this apparent anomaly between MIL-H-8501A and the
ABC.

AR A s

Rate damping, as previously discussed, is one of four parameters
effecting the hover response characteristics. Velocity stability (Mu’
L',
by any of the specifications reviewed. The effect of the velocity

N') is one of the other parameters which is not directly addressed

stability term shows up as gust sensitivity of the vehicle. An example
of flight test data from the Princeton HUP-1 helicopter shows the effect
Mu can have on pilot ratings in figure 5a. Walton and Ashkenas

(reference (b)) also analyzed the effects velocity stability have on an
optimum control sensitivity. The following expression

@Q .. . M ( rad/sec2 ) = ,23 - ,03M +6M
opt in

15-Mq$6
0 = M < .031
u

from reference (b) (see figure 5b) presents the direct effect increased

longitudinal velocity stability has on control semnsitivity. An increase

A
o in gust sensitivity (Mu) necessitates an increase in control sensitivity
é (M.d ) to keep control response at an optimum. A minimum of tracking/

[ B

H translational errors was described in reference (b) as the optimum

e

response conditions. It was also found in the analysis presented in

reference (b) that for severe wind conditions pilot opinion is a direct

P R

function of rms stick deflection (05)’ i.e., degraded ratings for large Og
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Figure 5a. Longitudinal Velocity Stability
Effect on Qualitative Pilot Ratings
(from reference r)

) ¥, = 0 .015 .030
[ | [ [ 1
£ AN

ig M - secl >r / ] /

Mg = .23 - 034, + 64

= 2 |
Ea / / / MI:;E;%:OlA for
» 1L
3 [ | |/
. o - - —

0 .2 A 6

Mgy rad/sec2
m.

Figure 5b. Longitudinal Velocity Stability
Effect on Longitudinal Control

Sensitivity.
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Figure 5b also has the MIL-H-8501A longitudinal damping and sensitivity
boundaries for the SH-60B, for comparison. The MIL-H-8501A criteria for
control damping and attitude response in still wind require significantly
lower control sensitivity values than the reference (b) expression, even
for zero Mu’ Considering the shipboard wind conditions Navy helicopters
routinely operate in, the possible need for increased control sensitivity

for certain missions should be further analyzed.

Roll and yaw control sensitivities showed similar dependencies with
damping and velocity stability with the following substitutions.

In an overall sense the MIL-B-8501A control damping criteria are
applicable and readily comparable to present day Navy aircraft. Similar
to hover attitude response the adequacy of the criteria is questioned in
two areas: Further analysis and data is needed to determine the effect

of varied missions and varied rotor configurationms.
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- Hover Dynamic Stability; Longitudinal
MIL-H-8501A

3.2.11 The helicopter shall exhibit
satisfactory dynamic stability charac~
teristics following longitudinal dis-
turbances in forward flight. Speci-
fically, the stability characteristics
shall be unacceptable if the following
are not met for a single disturbance in
smooth air:

a) Any oscillation having a period
" of less than 5 seconds shall
damp to one-half amplitude in
not more than 2 cycles, and
there shall be no tendency for .
undamped small amplitude oscil-
lations to persist.

b) Any oscillation having a period
greater than 5 seconds but less
than 10 seconds shall be at
least lightly damped.

¢) Any oscillation having a period
greater than 10 seconds but less
than 20 seconds shall not achieve
double amplitude in less than
10 seconds.

Damping Ratio

3.2.11.1 The following is intended
to insure acceptable maneuver stability
characteristics. . The angular velocity
stipulations shall apply at all forward
speeds, including hovering.

- After the longitudinal control stick
is suddenly displaced rearward from

trim a sufficient distance to generate

a 0.2 radian/sec pitching rate within

2 seconds, or a sufficient distance to
develop a normal acceleration of 1.5 g
within 3 seconds, or 1 inch, whichever
is less, and then held fixed, the
time-history of angular velocity shall
become concave downward within 2.0
seconds following the start of the mane-
uver, and remain concave downward until
the attaimment of maximum angular velocity;
with the exception that for this purpose.

a faired curve may be drawn through

any oscillations in angular velocity

not in themselves objectionable to

the pilot, Preferably, the time-histéry
of angular velocity should be distinctly
concave downward throughout the period
between 0.2 second after the start of the
maneuver and the attainment of maximum
angular velocity. The figure below is
illustrative of the angular velocity
response considered acceptable.

AT
L
o 4 > > - r)
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L
—-el |
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Damped Natural Period
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Comments

Following a disturbance (control
or wind) to a helicopter in hover
the previously discussed rate
damping criteria will ensure an
initial satisfactory response.
After this initial response the
aircraft may have an unacceptable
oscillatory mode. For any type of
hovering operation it is marndatory
that the pilot -be able to easily
correct for unwanted dynamic
responses. In the same way that
attitude response is the means of
developing translational control
in hover, uncommanded pitch responses
can cause tracking errors and station
keeping problems. Uncommanded residual
pitch oscillations, would make the
helicopter an unacceptable gun platform
for «xample. Short period dynamic
respcnses must be well damped so as not
to impede precise control of the air-
craft.,

Reference (b) presents the peint that
longitudinal_ioncrol danping of at
least -1 sec ~ will automatically
damp conventional short-pericd os-
cillations. Two problems with this
approach are that 1) objectionable
phugoid oscillations may still develop,
and 2) with the advanced flight control
systems being used on helicopters today
unconventional oscillatory modes may be
generated.

The above MIL-H-8501A criteria
specify requirements for oscillatory
responses to ensure a dynamically stable/
controllable helicopter. Short period
modes must be damped while longer period
oscillations may be divergent. Note that
responses with a damped natural period
greater than 20 seconds need not satisfy
the criteria.

The SH-2F and CH-53E type specifications

use the above criterion for longitudinal
dynamic stability requirements.
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MIL-F-83300

3.2.2.1 Pitch Dynamic Response
Requirements. The following require-
ments shall apply to the dynamic
responses of the aircraft with the
cockpit controls free and with them
fixed following an external distur-
bance or an abrupt pitch or roll
control input in either direction.
The requirements apply for responses
of any magnitude that might be ex-
perienced in operational use. If
oscillations are nonlinear with
amplitude, the oscillatory require-
ments shall apply to each cycle of
the oscillation.

Level 1: All aperiodic responses
(real roots of the long-
itudinal characteristic
equation) shall be stable.
Oscillatory modes of fre-
quency greater than 0.5
radians per second shall
be stable., Oscillatory
modes with frequency less
than or equal to 0.5
radians per second may be
unstable provided the
damping ratio is less un-
stable than -.10. Oscil-
latory modes of frequency
greater than 1.1 radians
per second shall have a
damping ratio of at least

£=.3 \3.3; . q12

0.8

Satisfactory
Level 1

% e ol A Y

04 03 02 .1 0 -.1
-cwn

Comment - MIL-F-83300 presents the
dynamic response criteria in terms of
simple second-order response parameters,
For high frequency (short period) oscil-
lations the response must be damped.

The longer period responses can be un-
stable as long as they meet the {2-.10
restriction.

wg ~ rad/sec
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AGARD 577

2.8 Longitudinal Dynamic Stability.
The responses of the aircraft should
not be divergent (i.e., all roots of
the longitudinal characteristic
equations should be stable). 1In
addition the damping ratio of the
second-order pair of roots that pri-
marily determine the short-term response
of angle of attack and pitch attitude
following an abrupt pitch control input
should be at least 0.3 for the most
critical undamped natural frequency.

The frequency and damping character-
istics of any oscillation superimposed
on the normal control modes for VTOL
aircraft in hover should meet at least
the value shown in the figure below.
Any sustained residual oscillations
should not degrade the pilot's ability
to perform the required tasks.

These criteria apply with the pitch
cockpit control free and fixed.
Jap

Satisfactory
Normal Flight
02'
4 L= —.4910g10Tn+.422

0 - .
-OZh lx\‘
0 10 20
Tn ~ sec

Comment - The above AGARD 577 boundary
was generated by using qualitative pilot
rating data from numerous flight tests
on helicopters and fixed wing VSTOL
aircraft. Similar to MIL-F-83300 the
criteria is defined in terms of second
order response parameters. For oscil-
lations with an undamped natural period
greater than 20 seconds the following
equation applies.

¢ =-1.15 log10 Tn + 1.29
for T > 20 sec
n
The range of periods to be conmsidered

for the above short period requirement
is 3 to 6 seconds,

o d
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SH-60B TYPE SPEC

10.3.3.2 Longitudinal Dynamic Stability.
The following conditions shall be met for
a single disturbance in smooth air with
controls fixed. These conditions shall
also apply to all permissible airspeeds,
rotor rpm and loadings, both in straight,
climbing, descending, and turning flight,
and at high, medium, and low altitude.

a) Any oscillation having a period
of less than 10 seconds, shall
damp to one-half amplitude in
not more than two cycles. There
shall be no tendency for undamped
small oscillations to persist.

b) Any oscillation having a period
greater than 10 seconds shall
not achieve double amplitude
in less than one cycle.

c) There shall be no tendencies for
small amplitude, short period
residual oscillations to exist.

d) There shall be no objectionable
flight characteristics attributable
to apparent poor phugoid damping.

e) There shall be no tendency for a
sustained or uncontrollable oscil-
lation resulting from efforts of
the pilot towm?}ntain steady flight.

wg o~ rad/sec

Satisfactory tT%

.1l 0 -.1
—;(.0'

Comment - Because the MIL-H-8501A longi-
tudinal dynamic stability criteria were
found to be inadequate for current ASW
mission requirements, the above criteria
was included in the SH-60B handling
qualities type specification to give
stricter design guidance for hovering
and forward flight dynamic stability,
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- Hover Dynamic Stability; Longitudinal

SPECIFICATION COMPARISONS

All of the specifications reviewed use second-order response parameters
to define satisfactory boundaries for dynamic stability characteristics.
This is in contrast to the reference (b) conclusion that {, w parameters
are not by themselves good correlators of handling qualities. The
general trend is similar for all criteria such that short period oscillations
require a damped response while for longer periods divergent conditioms
are acceptable. The MIL-H-8501A requirements are by far the most lenient,
particularly for longer period responses. The SH-60B type specification
criteria is more in line with the VSTOL specifications.

It should be noted that MIL-F-83300 combines pitch and roll hover
dynamic stability. In hover lateral axis stability and control character-
istics tend to be very similar to the longitudinal axis, as discussed in
the control response section. MIL-H-8501A, AGARD 577 and the SH-60B
type specification have general formats of longitudinal criteria and
lateral-directional criteria. This type of a breakdown does not easily
allow for the combination of longitudinal and lateral criteria for hovering
flight.
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- Hover Dynamic Stability; Longitudinal

DATA COMPARISONS

6 r u (coupled pitch & roll)
©® SH-60B
ST [ cH-53D
LIS A XH-59A
.3 SOLID SYMBOLS -
T T AUGMENTATION ON

Damping Ratio

o ~F~ Ll
i _ ®* — MIL-F-83300
SR T T T T T

“\——SH-60B Type Spec

~a——— Unstable ~ejatpe—ee Stable e
o
bl
} NN
ol

MIL-H-8501A

>..  AGARD 577
b

A 2

0 10 20 30 40
Damped Natural Period ~ Seconds
For the limited data available very few conclusions can be drawn

about the adequacy of the specification boundaries. Of the three
aircraft analyzed only the SH-60B model shows a conventional phugoid
mode. The XH-59A has a neutrally stable longitudinal oscillation of
moderate frequency. Labeling this mode a phugoid is questionable due to
the 10 second period. The response satisfies all the specifications 1
anyway. The CH-53D model shows a heavily damped coupled pitch and roll
oscillation. Many helicopters show this type of a coupled longitudinal-

lateral response in hover.

Reference (c) presents the point that for modern helicopters the
above MIL-F-83300 boundary is generally undemanding. This is debatable
in light of the fact that the SH-60B type specification criteria is more
lenient than the MIL-F-83300 criteria. The plot formgt used above was

chogen as a suitable compromise between the various specification formats.
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- Hover Dynamic Stability; Lateral

MIL-H-8501A

Lateral hover dynamic stability for
VFR conditions is not included within
MIL-H-8501A.

A Bhatl et Snadh atadl S e
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Comments

The lateral dynamic stabiiity charac-
teristics of a hovering helicopter,
like longitudinal dynamic stability,
directly effect a pilot's ability to
precisely control and maneuver the
aircraft. Oscillations must be stable
enough to keep the vehicle from devel-
oping significant lateral translations.

The SH-2F and CH-53E type specifications
like MIL-H-8501A do not have VFR lateral
dynamic stability requirements for hover.
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MIL-F-83300

3.2.2.1 Roll Dynamic Response
Requirements. The following requirements
shall apply to the dynamic responses of
the aircraft with the cockpit controls
free and with them fixed following an’
external disturbance or an abrupt pitch
or roll control input in either direction.
The requirements apply for responses of
any magnitude that might be experienced
in operational use. If oscillations are
nonlinear with amplitude, the oscillatory
requirements shall apply to each cycle
of the oscillation.

Level 1: All aperiodic responses
(real roots of the lateral-
directional characteristic
equation) shall be stable.
Oscillatory modes of fre-
quency greater than 0.5
radians per second shall be
stable. Oscillatory modes
with frequency less than or
equal to 0.5 radians per
second may be unstable
provided the damping ratio
is less unstable -,10. Oscil-
latory modes of frequency
greater than 1.1 radians per
second shall have a damping
ratio of at least 0.3,

11.2

L 3

.8
- w, ~rad/sec

_cdn

Comment - The above criteria for roll
dynamic stability is the same as that
specified for longitudinal dynamic
stability. MIL-F-83300 combines pitch
and roll dynamic stability in hover
because the pilot tends to use pitch

and roll controls similarly in hovering
flight, There are also many helicopters,
in particular single rotor, that have a
coupled pitch-roll oscillation.
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AGARD 577

3.19 Lateral-Directional Dynamic
Stability. Any roll yaw oscillations
superimposed on the normal control mode
due to a disturbance input should ex~
hibit at least the frequency-damping
characteristics shown in the figure
below for hovering flight. Also, there
should be no tendency for perceptible
small-amplitude oscillations to persist
or for pilot-induced oscillations to
result from the pilot's attempts to
perform the required flight tasks.

Jr
2]
L = -.33logqg Tn + .46
1 L
0 R-
-.1 -
-02 t— ' .
0 10 20
Tn ~ sec

Comment -~ Similar to MIL-H-8501A the
AGARD VSTOL specification is divided
into longitudinal and lateral-direc-

‘tional criteria. Thus, the lateral

and directional dynamic stability
characteristics are combined. The
above boundary was generated by

fitting constant level 1 pilot ratings.
Some of the flight test data used in
the criteria analysis was from a light
weight single rotor helicopter. Second
order responses were superimposed on
first order roll and yaw responses

to see the effect on pilot workload.
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SH-60B TYPE SPEC

10.3.4.3 Lateral-Directional Stability.
Lateral-directional oscillations with con-
trols fixed or free following a single
disturbance in smooth air shall exhibit
minimum damping characteristics as a
function of the damped natural frequency
corresponding to the figure below., In
addition, any oscillation having a
period greater than 10 seconds shall not
achieve double amplitude in less than
one cycle. There shall be no tendency
for undamped small oscillations to

persist.
w 1
wg ~ rad/sec
q!i
Satisfactory
—_ N 0
=1 - 5 0
Cuwy

Comment -~ The above criteria was added to
the SH-60B type specification to cover VFR

hover lateral dynamic stability; a charac-
teristic not addressed by MIL-H-8501A.
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- Hover Dynamic Stability; Lateral
SPECIFICATION COMPARISONS
MIL-H-8501A is the only specification reviewed that does not address
VFR lateral dynamic stability. Each of the other specifications present

second order response boundaries for any lateral oscillations the vehicle

develops.

Other comments are discussed in longitudinal hover dynamic stability

specification comparisons.
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- Hover Dynamic Stability; Lateral

DATA SPECTIFICATIONS

o6p ) a (coupled pitch & roll)
St
. © SH-60B
1 : N J 4 B cH-53D
| s S T A XH-59A
2 ’K,}‘ 4 SOLID SYMBOLS -
o @ b LN, I i AUGMENTATION ON
e 1F 4 ’\\"‘é~
5 } O .
Q. of ! ‘- -y S~
5 " 8 ( T~ . AGARD 577
a8 ! . MIL-F-83300
= -.1r booy sy TSR B2 7 SH-60B Type Spec
-]
E --2 -
-
l -.3 L

Damped Natural Period ~ Seconds

For the limited data available no conclusions can be drawn on the
adequacy of any of the specifications. The SH-60B type specification
boundary was generated for the UH-60A Army UTTAS. The reason for the
sharp increase in damping for oscillations of moderate period is not
readily apparent. The SH-60B has a lateral phugoid mode that easily
meets the requirement. The XH-59A roll oscillation was qualitatively
described as being slightly coupled to pitch, though not objectionable.
This response satisfies only the MIL-F-83300 criteria. The CH-53D has
the heavily damped coupled pitch roll response shown on the longitudinal

dynamic stability plot.
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~ Hover Dynamic Stability; Directional

MIL-H-8501A

Directional hover dynamic stability
.- criteria for VFR conditions is not
;- 1ncluded within MIL-H-8501A.

64

NADC-81023-60

Comments

Heading oscillatory stability for
a hovering helicopter is just as
necessary as pitch and roll stability.
For shipboard helicopter operations
uncommanded yaw oscillations are a
safety hazard (especially for single
rotor helicopters) as well as making
pilot sighting more difficult, Large
residual yaw oscillations would be
unacceptable for a gun platform.

Single rotor helicopters tend to be
very susceptible to lateral gusts
causing yaw responses. Most helicop-
ters today, however, do have heading
hold functions to reduce gust effects.

MIL-H-8501A addresses VFR directional
stability with the previously discussed
yaw rate damping criteria. Second order
type responses are not accounted for.

Like MIL-H-8501A, the SH-2F and CH-53E
type specifications do not include direc-
tional dynamic stability criterion for
VFR hovering conditionms.
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MIL-F-83300

Hover directional dynamic stability
addressing yaw oscillatory responses
is not included as a criteria in
MIL-F-83300.

Comment - Like MIL-H-8501A directional
dynamic stability is addressed by
MIL-F-83300 only with yaw rate damping.
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AGARD 577

3.19 Lateral-Directional Dynamic
Stability. Any roll-yaw oscillations
superimposed on the normal control
mode due to a disturbance input should
exhibit at least the frequency-damping
characteristics shown in the figure
below for hovering flight. Also,
there should be no tendency for per-
ceptible small-amplitude oscillations
to persist or for pilot-induced oscil-
lations to result from the pilot's
attempts to perform the required
flight tasks.

30 N £ = -.38 logg T, + .46
21
Satisfactory
1 Normal Flight
g
0
-.1L
-.2 L ' '
0 10 20
Tn ~ sec

Comment - Same as lateral hover dynamic
stability.

o ‘.—v.v']




NADC-81023-60

SH-60B TYPE SPEC

Lateral-directional oscillations with

b .- controls fixed or free following a single

-~ disturbance in smooth air shall exhibit
+.  minimum damping characteristics as a

g{f function of the damped natural frequency
- corresponding to the figure below. 1In

addition, any oscillation having a

period greater than 10 seconds shall

not achieve double amplitude in less

than one cycle. There shall be no

tendency for undamped small oscilla-

tions to persist.

h 10.3.4.3 Lateral-Directional Stability.

11

wg - rad/sec

Satisfactory
1%
- . 0]
-1 - 0
fwy

Comment - The above criteria was added
to the SH~60B type specification to
address VFR directional dynamic sta-
bility, which is not addressed by
MIL-H-8501A.
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- Hover Dynamic Stability; Directional
SPECIFICATION COMPARISONS

Both AGARD 577 and the SH-60B type specification have criterion for
VFR hover directional dynamic stability. MIL-F-83300 and MIL-H-8501A

have yaw rate damping limitations only.

Other comments on specification format as presented in longitudinal

and lateral hover dynamic stability specification comparisoms.

Pl i et
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DATA COMPARISONS

;.3
Ei -~ Hover Dynamic Stability; Directional
&

© SH-60B
6 [ cu-53D
i A TH-59A
S L SOLID SYMBOLS
~AUGMENTATION ON 1
4 L ) 4
. M L
ab X A
. o .
.o’ 4
e -3 o2 ’>>". .
T 0w b e, "
2 & S
g reg.
gl oo s @ T
g L 4 Y .
5 . ~——. —~ AGARD 577
“ol + """"["‘/‘"I"’l"'I‘"'I“ SH—6OB Type spec
0 20 20
Damped Natural Period
~ Seconds

With their Automatic Flight Control Systems (AFCS) off the SH-60B
and CH-53D show directional oscillations that are neutrally stable.
Time histories of the modelled responses are shown in figure 6. The

resulting yaw motion from a one-half inch pedal pulse for both vehicles
is a moderate frequency oscillation superimposed on a first order
response. For AFCS on flight both the SH-60B and CH-53D have pure }
aperiodic directional responses, thus easily satisfying the AGARD 577
and the SH-60B type specification criterion. The XH-59A has a yaw )
oscillatory of moderate frequency that is slightly coupled to pitch and
roll. Pilot comment in reference (j) describes this pitch-roll-yaw
coupling as a characteristic unique to the ABC rotor system downwash/
ground effects on the cylindrical XH-59A fuselage. Because the XH-59A
has no augmentation in the directional axis it would not satisfy the
AGARD or SH~-60B criteria.
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SH-60B HOVER 1/2 INCH PEDAL STEP
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Figure 6. SH-60B and CH-53D Hover Heading Time Histories
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- Hover Dynamic Stability

The unique hover dynamic stability characteristics of helicopters
are addressed explicitly by MIL-F-83300 only. The hover, low speed and
forward flight divisions allow MIL-F-83300 to combine pitch and roll
dynamic stability for hovering flight. MIL-H-8501A, AGARD 577 and the
SH-60B type specification have only longitudinal and lateral-directional

criteria divisions. The only VFR dynamic stability criteria in MIL- <
H-8501A is for longitudinal characteristics. MIL-B-8501A does not give
adequate guidance for VFR lateral, or directional dynamic stability <

design criteria,

For normal flight conditions the CH-53D model shows essentially
dead beat responses for longitudinal, lateral, or directional disturbances.
The CH-53D does have a coupled pitch-roll oscillation, characteristic of
single rotor helicopters in hover. Each of the CH-53D dypamic modes
easily satisfies all the specifications criteria., The SH-60B model with
augmentation engaged has a longitudinal phugoid and a lateral phugoid.
Both responses are neutrally stable, but of long enough period to pass
the comparison criteria, The SH-60B like the CH-533D has a nonoscillatory
directional mode in hover for augmentation on conditions. The other
aircraft used in the data comparisons, the XH-59A, has a pitch-roll-yaw
coupled response unique to the ABC rotor system. The response is
primarily a pitch and roll oscillation, although yaw deviations were
noticed for in-ground-effect hover conditions. The roll and yaw dynamic
response would not satisfy the AGARD 577 or the SH-60B ty;e specification
lateral-directional criteria, Qualitative rating of the XH-59A hover
dynamic response were satisfactory until an in-ground-effect (<10 feet)
hover was attempted. Uncommanded lateral and directional responses
developed in this low hover condition required frequent pilot inputs for

correction.
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MIL-H-8501A should include VFR hover dynamic stability criteria for
lateral and directional responses. Although the CH-53D and SH-60B have
g’ aperiodic yaw modes for augmentation on flight, the XH-59A in hover does
have an inherent directional oscillation. Flying qualities design

criteria for hover roll and yaw dynamic stability should be available

for future rotary wing vehicles like the ABC.
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FORWARD FLIGHT

- Forward Flight Static Stability; Longitudinal

MIL-H-8501A

3.2.10 The helicopter shall, at all
forward speeds and at all trim and power
conditions specified in the table below,
possess positive, static longitudinal
control force, and control position
stability with respect to speed. This
stability shall be apparent in that
at constant throttle and collective
pitch-control settings a rearward dis-
placement of and pull force on.the
longitudinal-control stick shall be
required to hold a decreased value of
steady, forward speed, and a forward
displacement and push force be required
to hold an increased value of speed.

In the speed range between 15 and 50
knots forward, and 10 to 30 knots rear-
ward, the same characteristics are
desired, but a moderate degree of in-
stability may be permitted. However,
the magnitude of the change in the un-
stable direction shall not exceed 0.5
inch for stick position or 1.0 pound
for stick force.

» B
”1: Forward E//’I]’ c//’
122
. =T 57/1

r‘“ 5T 0 50 YMAX

Velocity . knots

Rearward Forward

e allowable amounts of instability:
%2 ) inch long stick position
t 1 1b long stick force

Hovering . .
Level flight at

Comments

One of the primary flying qualities
characteristics a helicopter pilot
senses 1n forward flight is the air-
craft static stability margin.
Through stable longitudinal control
position and force variations with
respect to speed and attitude the
pilot can keep airspeed and attitude
deviations from trim to a minimum.
Stable gradients are as described
in 3.2.10.

MIL-H-8501A requires a helicopter
to demonstrate positive longitudinal
static stability for control force
and control position variations with
airspeed. Note that for transition
airspeeds the gradients may be slightly
unstable. Many single rotor helicopters
show this characteristic (control stick
position reversals) during transition
as the main rotor downwash sweeps over
the stabilizer surface at the tail.

The SH-60B, SH-2F and CH-53E type
specifications use this criteria for
longitudinal static stability
requirements.

Initial trim & power

condition interest
e ¢ ¢« s« o« + o 0 to 30 kts
35 kts . . . 15 to 60 kts

Speed range of

Level flight at 80% Vmax .

Level flight at Vmax . . . .
Climb at best rate of climb.

Partial power descent.

at 300 to 5C) fpm

Autorotation with trim as. .

in "Level flight at 80%
Vmax" above

Autorotation at speed for. .
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minimum rate of descent

607 Vmax to Vmax
80%Z Vmax to Vlim
Vmax R/C £15 kts

. 15 to 60 kts

607 Vmax to
Vmax for auto-
rotation

15 kts to Vtrim
+20 kts




NADC-81023-60
MIL-F-83300 Comments
3.3.1 Longitudinal Equilibrium. With MIL-F-83300 requires for level 1

the aircraft trimmed at speeds from 35 knots
forward to V___, the following requirements
shall be satISPied for perturbations of

+ 10 knots from the trim speed except where
limjited by the boundaries of the Service
Flight Envelope. The configuration and

trim may be different at each trim con-
dition, but shall remain fixed while
determining the control gradients.

Level 1: The variations of pitch
control force and control
position with pitch attitude
and airspeed shall be smooth
and the local gradients
stable or zero.

Stable pitch control gradients mean
that incremental pull force and aft
displacement of the cockpit control
are required to maintain nose-up
attitudes or slower airspeeds and
the opposite to maintain nose-down
attitudes or higher airspeeds.

The term gradient does not include
that portion of the control force
or control position versus pitch
attitude or airspeed curve within
the preloaded breakout force or
friction band,.

forward
r trim points
B -
F
Sp
0 50 100 ¥ v
con
nose down

Velocity ~ knots,
Attitude ~ degrees
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flying qualities that the aircraft
have neutral or positive static sta-
bility for longitudinal control force
and position. This stability of
control force and position is with
respect to airspeed and attitude.
Also the aircraft need only demon-
strate positive stability above

35 knots. The above criteria also
explictly states the range about
trim that positive stability must

be demonstrated for, namely + 10
knots about the trim airspeed.

This range was decided upon under
the assumption that a VSTOL aircraft
will reconfigure or retrim for a
larger speed variation.
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AGARD 577 '

2.6.1 Trim Speed Stability. With
the pitch cockpit control forces
continuously trimmed to zero at air-
speeds covering the range from V
to hover, the curve of pitch conf201
position versus airspeed should not
be negative, that is, forward control
deflection associated with decreasing
trim airspeed and vice versa. These
requirements should be satisfied in
level, descending, and climbing flight.

forward
r stick forces trimmed
<// to zero
(SB /
0 50 v \'

con
Velocity ~ knots

2.6.2 Stability With Respect to
Speed. With the pitch trim, thrust
vector, throttle, or collective con-
trols at the trim setting, the varia-
tion of pitch control position and
force with airspeed should be in a
stable direction over a range of
approximately + 10 knots about the
trim speed. If speed stability is
obtained by means of a SAS, SAS
failure should result in only mild in-
stability (more than 5 seconds for
divergence to double in amplitude).
In addition, the pilot should be made
aware of any unstable variation in
pitch control as a warning of the
possibility of insufficient control
for recovery.

forward
( trim points
Sp
P
FGB
0 50 N

con

llllllll

Comments

Similar to MIL-F-83300 paragraph
3.3.1 the above AGARD criteria (2.6.2)
requires positive longitudinal control
position and force stability over a
+ 10 knot range about the trim airspeed.
Positive stability with respect to
pitch attitude is not required. Also,
the vehicle must be statically stable
for all airspeeds, zero to Vcon'

AGARD 577 includes another criteria
requiring positive speed stability for
the trimmed control position curve, as
shown above.
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NADC-81023-60
- Forward Flight Static Stability; Longitudinal
SPECIFICATION COMPARISONS

Each of the specifications reviewed has a requirement for longi-
tudinal static stability. The basic stipulation is that positive con-
trol position and control force gradients be demonstrated with respect
to speed. There are noteworthy differences though. MIL-H-8501A is the
only specification reviewed that allows for static position and force
instability in a limited and defined range. It has been proposed that
limited stick position instability be permitted as long as the control
force gradient is stable with speed. Recent simulator tests have shown
that for IFR conditions pilots desire both control force and position
stability with respect to speed. The SH-60B was designed for positive
stick position and force stability by making the stabilizer movable, and

scheduled to the vehicle airspeed.

Another difference between the specifications is that both MIL-
F-83300 and AGARD 577 quantify that positive stability must exist for
+ 10 knots about the trim airspeed, while MIL-H-8501A does not define a
speed pertubation range. It is not clear whether static longitudinal
stability be required for + 10, + 2 or + 50 knots about the trimmed
airspeed. In their review of MIL-F-83300 Green and Richards (refer-
ence (c)) state that the + 10 knot pertubation is too lenient for
helicopters, suggesting ingtead that the range be + 50 knots or + (10
knots + .1 Vtrim) whichever is less. This will be further discussed in

the data comparisoms.

Another difference is that MIL-F-83300 requires positive stability
with pitch attitude as well as airspeed. Neither AGARD 577 or MIL-
H-8501A require this. Also only AGARD 577 requires that the trimmed
stick position curve always be stable., The data comparisons will

address these considerations.
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- Forward Flight Static Stability; Longitudinal

DATA COMPARISONS

100 ¢ Forward 100y Forward 100 ¢ Forward
4s°
6 ~ % L L]
B i =90 0
- '/a/ //0- s
50 } sof 50 L ~
XH-59A Xv-15 SH-60B
GW=12300 1bs GW=13000 1bs GW=19940 1lbs
Aft Aft Aft
0 A ' o, — 0 A s
0 100 200 0 100 200 - 0 100 200
Airspeed ~ knots Airspeed ~ knots Airspeed ~ knots

For the airspeeds tested for the XH-59A and XV-15, and those
modelled for the SH-60B, the vehicles satisfied all the specifications
requirements. That is each aircraft demonstrated positive longitudinal
stick position static stability with respect to speed. The XH-59A and
XV-15 were described as having adequate cues to allow the pilot ,to make
small airspeed changes. The attitude stability of the XH-59A was
qualitatively tested and described as adequate. The 11 degree nose down
trim attitude at 156 knots did not draw adverse pilot comments.
Attitude stability was not tested for or explicitly addressed in the
XV-15 test program. The pilots were satisfied with both of the vehicles
speed stability characteristics.

The pertubation range used to test for static stability varied for
each aircraft. The XV-15 was perturbed + 20 knots from the trim airspeed
while the XH-59A was perturbed 10 to 35 knots from the trim speed.
Although the SH-60B model was reviewed against the type specification,
an arbitrary range of + 15 knots was used for the test. What the velocity
pertubation should qualitatively be is debatable, but for comnsistency a
range should be explicitly presented in the helicopter flying qualities
specification. The two aircraft tested were qualitatively found to have
satisfactor control force gradients. The SH-60B control system is
configured such that control force is directly proportional to control

displacement according to reference (n), thus satisfying the specifications.
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- Forward Flight Static Stability; Longitudinal

o~ S AT o O

DATA COMPARISONS

100y Forward 100

T

[ Forward
trimmed stick positio
= 5'-g trimmed stick position anh.%
_ 50 SH-60B 50 XH-59A
n GW=19940 1bs GW=12000 1bs
3
3 0 |Aft A . , o ALt . . i
‘ 0 50 100 150 0 50 100 150
3 True Airspeed . knots True Airspeed ~ knots

Py
LT e

The above figures present the longitudinal stick trimmed position
curves for the SH-60B and the XH-59A. The only specification directly
addressing this characteristic is AGARD 577. Neither of the above
vehicles satisfy the AGARD requirement which specifies that negative
slopes are unacceptable. The SH-60B has a slight reversal in trimmed
stick position in the low speed range that has been qualitatively
described as acceptable. There have been modifications to the airspeed
sensing system, and thus to the horizontal stabilizer to minimize the
above negative slope. The XH-59A has a fairly large reversal in stick
position which has been associated with the large tail surfaces. The
trim requirements of the XH-59A were described as satisfactory by Navy

pilots although moderate pilot compensation was required. The XH-59A

7 tail surfaces are being redesigned to alleviate some of these problems.
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o - Forward Flight Static Stability; Lateral-Directional
MIL-H~8501A Comments
g! 3.3.9 The helicopter shall possess Lateral-directional static stability
ﬁg positive, control fixed, directional characteristics, like the longitudinal
o stability, and effective dihedral in axis, are used by a helicopter pilot to
;{ both powered and autorotative flight setup and maintain a specific flight
- at all forward speeds above 50 knots, path. Steady sideslip (i.e., cross
- 0.5 V__, or the speed for maximum rate wind landings) flight is very common
-« of clgﬂf, whichever is the lowest. At in helicopter missions.
F©  these flight conditions with zero 1
= yawing and rolling velocity, the vari- The requirement addressing lateral-
:: ations of pedal displacement and lateral directional stability for helicopters
e control displacement with steady side- calls for positive directional stability
*‘ slip angle shall be stable (left pedal and positive effective dihedral. Thus
¢ and right stick displacement for right the lateral and directional controls
sideslip) up to full pedal displacement should be displaced in a stable sense
in both directions, but not necessarily as the vehicle sideslip varies. There
beyond a sideslip angle of 15 degrees is a separate paragraph requiring posi-
at v , 45 degrees at the low speed tive slopes for lateral stick force
deteliined above, or beyond a sideslip versus displacement curves. Directional
angle determined by a linear variation control force stability is not addressed.
with speed between these two angles. For the helicopters analyzed the lower
Between sideslip angles of +15 degrees, velocity used for determining the side-
the curve of pedal displacement and slip range was 50 knots.
lateral control displacement plotted
against sideslip angle shall be ap- The CH-53E and SH-2F type specifi-
proximately linear. cations both use the above criteria for
Righ lateral-directional static stability
ght guidelines.
Y Stab
Toft able slopes
5 Right
P
Left
lofe  Sideslip  plope
P 45 ¢ y
ﬁ:i_ “ ‘
;f;; 1
“ideslip 30 J '
g Angle ey
71? -~
) ‘Degrees .
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MIL-F-83300

3.3.11 Lateral-Directional Character-

istics in Steady Sideslips. The require-

ments of 3.3.11.1 through 3.3.11.3 are
expressed in terms of characteristics in
yaw—-control-induced steady zero~yaw-rate
sideslips with the aircraft trimmed for
zero-bank-angle straight flight. Side-
slip angles to be demonstrated §Eall be
the lesser of 25 degrees or sin ~ (30/
airspeed in knots). In any event, the
minimum sideslip to be demonstrated
sha}} be the lesser of 15 degrees or

sin =~ (30/airspeed in knots).

3.3.11.1 Yawing Moments in Steady
Sideslip. For the sideslips specified
in 3.3.11, right yaw control deflection
and force shall be required in left
sideslips and left yaw control force
and deflection shall be required in
right sideslips.

For levels 1 and 2, the following
requirements apply. The variation of
sideslip angle with yaw control de-
flection and force shall be essentially
linear for sideslip angles between
+ 15 and - 15 degrees. For larger
sideslip angles, an increase in yaw
control deflection shall always be
required for an increase in sideslip
and, although a reduction of yaw
control force gradient is acceptable
outside this range, the following
requirements shall apply.

Level 1: The gradient of sideslip
angle with yaw control
force shall not reverse
slope.

The term gradient does not include
that portion of the yaw control
force versus sideslip-angle curve
within the preloaded breakout
force or friction band.
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3.3.11.2 Bank Angle in Steady Side-
slips. For the sideslips specified
in 3.3.11, an increase in right bank
angle shall accompany an increase in
right sideslip, and an increase in
left angle shall accompany an increase
in left sideslip.

3.3.11.3 Rolling Moments in Steady
Sideslips. For the sideslips specified
in 3.3.11, left roll control deflection
and force shall be required in left
sideslips, and right roll control de-
flection and force shall be required
in right sideslips. For levels 1 and
2, the variation of roll control de-
flection and force with sideslips angle
shall be essentially linear.

RWD

LWD

Right
8a,Fs)

Left
Right

GP’FG \
Left

Nose Nose
Left Right

Sideslip ~ Degrees

Comments - The above group of criteria
address the lateral and directional
control displacement and force charac-
teristics in forward flight. Positive
stability must be demonstrated for
both displacement and force gradients
with respect to sideslip deviations.
Bank angle variations with respect to
sideslip angles are also defined.
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AGARD 577

3.10 Dihedral Effect. For operation
at and above the reference approach
speed and for the sideslip conditions
specified, the rolling moment variation
with sideslip should be such that for
conventional control systems left roll
control deflection and force are re-
quired in left sideslips and vice
versa.

The variation of roll cockpit control
deflection and force with sideslip angle
should be essentially linear.

The positive effective dihedral should
be limited so that sufficient roll con-
trol remains to correct for gusts or
other self-induced upsets and to mane-
uver as required with a force not to
exceed 10 1b for maximum sideslip
angles that may be experienced in
operational flying.

3.17 Directional Characteristics
in Steady Sideslip. For the side=slip
angles obtainable in the speed range
from 30 knots to V___, right yaw
cockpit control def18ction should be
required for left sideslips and .vice
versa.

For angles of sideslip around + 15°,
the variation of yaw cockpit control
deflection with sideslip angle should
be essentially linear. For larger
sideslip angles, an increase in de-
flection should always be required
to increase sideslip.

The variation of yaw cockpit pedal
force with sideslip angle should be
essentially linear for sideslip angles
of + 15°. At greater angles of side-
slip, a gradual lessening of force
is acceptable, however, the pedal
force should never reduce to one-half
the maximum value, ’
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3.18 Side Force Characteristics
in Steady Sideslips. For the side-
slip conditions and speeds specified
in STOL operation an increase in
right bank angle should accompany an
increase in right sideslip and vice
versa., :

RWD

LWD
BA’ FGA

Left
Right

Sp
Left

Nose Nose
Left Right
Sideslip ~ Degrees

Comments - AGARD 577 presents criteria
defining satisfactory lateral-direc-
tional static stability characteristics.
Lateral control displacement and control
force positive stability must be demon-
strated. Only directional control dis-
placement gradients with respect to
sideslip angles need be satisfied.
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SH~60B TYPE SPEC

10.3.4.1.7 The aircraft shall possess
positive control-fixed, directional sta-
bility, positive sideforce characteristics
autorotative flight at all forward speeds
above 50 knots. At these flight conditions
with zero yawing and rolling velocity, the
variations of pedal displacement and force
and lateral control displacement and force
with steady sideslip angle shall be stable
(left pedal and right stick displacement
for right sideslip) up to full pedal dis-
placement in both directions, but not
necessarily beyond a sideslip angle of
12 degrees at V___, 30 degrees at 50 knots
or beyond a sid%%fip angle determined by
a linear variation with speed between
these two angles. Between sideslip angles
of + 15 degrees, the curve of pedal dis-
placement and lateral control displacement
plotted against sideslip angle shall be
approximately linear. Throughout the re-
mainder of the required sideslip range an
increase in directional control motion and
force shall be required to produce an in-
crease in sideslip. The side force charac-
teristics shall be such that in all speci-~
fied sideslips, an increase in left bank
angle accompanies an increase in left
sideslip. All the above requirements
shall be extended to include control
force stability. The variations in
pedal force and lateral control force
with sideslip shall conform to the above
requirements for the corresponding control
displacements.

30 ¢
Py
Sideslip e
#
~ Degrees J
i5r ’
Py
A
A
]
0 /\v
50 v

Max
Velocity ~ Knots

8l

LU N S W W WL

NADC-81023-60

eft
Right

N

Nose * o
Left

GP’F(SP

Nose
Right
Sideslip ~ Degrees

Comment - The SH-60B type specification
included additional guidance for lateral-
directional static stability over that
provided by MIL-H-8501A. Positive sta-
bility for both displacement and force
gradients must be demonstrated by the
helicopter. Bank angle stability with
respect to sideslip angle must also be
satisfied.

Note that the sideslip range of in-
terest for the type specification is
significantly less than MIL-H-8501A,
particularly at the lower airspeeds.
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- Forward Flight Static Stability; Lateral-Directional
SPECIFICATION COMPARISON

Design guidance is presented by all of the specifications reviewed
for lateral-directional forward flight stability. The variation between
the specifications is extensive. MIL-H-8501A requires only control
displacement stability with respect to sideslip while the other three 4
specifications additionally require force stability in at least one
axis. One of the major differences between the specifications is the {
required static stability speed range. MIL-H-8501A and the SH-60B type
specification state that the airspeed range of interest is 50 knots to
Vmax‘ AGARD 577 requires the directional characteristics in steady
sideslips be satisfied for the 30 knot to vcon range. The MIL-F-83300
criteria presented are for forward flight conditions, or the 35 knot to
Vcon airspeed range. MIL-F-83300 also presents guidelines for hover
pitch and roll static stability. MIL-H-8501A has no guidance for hover
lateral or directional static stability. It is of interest to note that
Green and Richards (reference (c)) describe MIL-F-83300 as being deficient
in hover static stability for helicopters because no guidelines for the
directional axis are given. Accordingly it should be noted that MIL-
H-8501A is also deficient in lateral-directional hover static stability.

82

3t e e . B A e o e B e i et - N B P SN




'''''''''''''''

NADC-81023-60

- Forward Flight Static Stability; Lateral-Directional

DATA COMPARISONS

75 p 75 L Right
RWD
GA ~ Z 6P -~ 70
50 | 50 [
(
LWD Left
25 . ’ 25 A s
10 0 10 10 0 10
Ez:i Sideglip Nose Sideslip Nose
~ eg, 15 r Left ~ Deg Right
RWD
w
[\}]
[V}
o
oL
A XH-59A
: O GW=12000 1bs
° © 103 kts  6¢ =40%
o) 0 144 kts  5,=40%
g i O 202 kts  5¢=60%
E LWD
= 15 L 4
10 0 10
1 Nose Sideslip Nose
Left ~ Deg Right

During the flight tests of the XH-39A lateral-directiomal static
stability was tested. The above plots show the control displacement

{ variation and bank angle variation with sideslip angle. Control force
E‘ was qualitatively measured by the pilots. The vehicle was described as
lr; having adequate lateral-directional static stability characteristics.
L;‘ZE Note that the sideslip range tested was at the most + 10 degrees, which
e 1s less than that stated in MIL-H-8501A.
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- Forward Flight Static Stability; Lateral-Directional

DATA COMPARISONS

XvV-15
GW=13000 1bs
, V=70 kts
5 75 r Op =447
RWE _ Right
~ 7% Sp ~ %
(
5 —@— © so |
LWD Left
2 2 Y 25 i
10 0 10 10 0 10
Nose Nose Nose Nose
Left Right Left Right
Sideslip ~ Deg Sideslip ~ Deg

The above plots are the quantitative results of the XV-15 static
lateral~directional stability flight tests. The pedal displacement
gradient is stable with sideslip but the lateral stick displacement is
at best neutral. Pilots (reference (1)) described the aircraft as
having little or no effective dihedral but also did not find any adverse
handling qualities because of this. An overall level 1 rating was given
for the static stability characteristics.

Mte that, like the XH-59A, the XV-15 was perturbed only +10 degrees
of sideslip, less than that required by MIL-H-8501A.
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- Forward Flight Static Stability; Lateral-Directional

DATA COMPARISONS

- 7
75 RWD ’r
o Richt
Sp ~ % Sp ~ %
50 p 50 L
LWD
25 . . 25 Left . .
25 0 25 25 0 25
P Nose Sideslip Sideslip ~ Deg Nose
- ~ Right
- Left deg 15 1 g
- RWD
- 0
T a
- o
N 4
. 3 SH-60B
. ) I GW=19940 1bs
0 © 80 kts 6 =57%
: = B 140 kts 6,=80%
> g
- : |°
L g LWD
.:_: m 15 A s
= 25 25
iﬁ Nose Nose
Ei : Left Right
k-~ Sideslip ~ Deg

The SH-60B model lateral-directional static stability data shown
above are taken from reference (m). Control displacemeunt and bank angle
gradients with respect to sideslip angle showed the necessary positive
stability characteristics. The range of sideslip that the aircraft was
tested for are within the SH~-60B type specification limits previously

presented.
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- Forward Flight Static Stability

Design guidance for static stability characteristics was presented
in each of the specifications reviewed. Positive stable characteristics
were required by each specification for control and attitude gradients
as specified. There is extemsive variation between the specifications

concerning the gradients addressed and the required range of stability.

For the longitudinal axis MIL-H-8501A, MIL-F-83300 and AGARD 577
require positive control force and position stability with respect to
airspeed. MIL-H-8501A allows for limited negative (unstable) gradients
in the transition speed ranges. Also MIL-H-8501A gives no guidance on
the airspeed range from trim for which the stable gradient must be
demonstrated. The static longitudinal stability criteria in MIL-H-8501A
are applicable and adequate for the helicopter missions, and vehicles
analyzed though a range of airspeed perturbation should be defined. A
+ 15 knot range would be appropriate considering the test data shown and
the VSTOL specification ranges defined.

There are many differences between the lateral-directional static
stability criteria as addressed by each of the specifications. MIL-H-8501A
has VFR guidelines for control displacement gradients only. 1In addition
to the MIL-H-8501A criteria the SH-60B type specification also required
positive control force stability for lateral and directional controls,
as well as stable bank angle variations with sideslip. The MIL-F-83300
criteria are as extensive as those in the SH-60B type specification.

The range of sideslip that stability need be demonstrated for in MIL-H-8501A

varied between + 45 degrees for the low speeds and + 10 degrees for the

f%f higher speeds. The XH-59A and the XV-15 flight test programs used a

E}' range of + 10 degrees throughout the tests. MIL-H-8501A does not give
;gz guidance for control force stability or bank angle gradients, as well as
R omitting VFR hover/low speed lateral and directional static stabili.y

T criteria. The MIL-H-8501A criteria for VFR lateral-directional static
éé stability does not give adequate design guidance.
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There is a need for more consistent design guidance for static
stability characteristics. MIL-F-83300 has the most complete set of
criteria to cover hover, low speed and forward flight longitudinal and
lateral-directional static stability. Determining what the perturbation

o ranges for airspeed and sideslip angles should be will need further
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testing.
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- Forward Flight Dynamic Stability; longitudinal

MIL-H-8501A

3.2.11 The helicopter shall exhibit
satigsfactory dynamic stability charac-
teristics following longitudinal dis-
turbances in forward flight. Speci-
fically, the stability characteristics
shall be unacceptable if the folleowing
are not met for a single disturbance
in smooth air:

a) Any oscillation having a
period of less than 5 seconds
shall damp to one-~half am-
plitude in not more than 2
cycles, and there shall be
no tendency for undamped
small amplitude oscilla-
tions to persist.

b) Any oscillation having a
period greater than 5 sec-
onds but less than 10 sec-
onds shall be at least
lightly damped.

¢) Any oscillation having a
period greater than 10 sec-
onds but less than 20 sec-
onds shall not achieve
double amplitude in less
than 10 seconds.

3.2.11.1 The following is intended to
insure acceptable maneuver stability
characteristics. The normal accelera-
tion stipulations are intended to
cover all speeds above that for mini-
mum power required; the angular vel-
ocity stipulations shall apply at
all forward speeds, including hovering.

a) After the longitudinal control
stick is suddenly displaced
rearwvard from trim sufficient
distance to generate a 0.2
radian/sec. pitching rate with-
in 2 seconds, or a sufficient

g8

b)

distance to develop a normal
acceleration of 1.5 g within

3 gseconds, or 1 inch, whichever

is less, and then held fixed,

the time-history of normal accel-~
eration shall become concave down-
ward within 2 seconds following

the start of the maneuver, and
remain concave downward until the
attainment of maximum acceleration.
Preferably, the time-history of
normal acceleration shall be con-
cave downward throughout the period
between the start of the maneuver
and the attainment of maximum
acceleration. The figure below is
{1lustrative of the normal accele-
ration response considered accept-
able.

During this maneuver, the time-
history of angular velocity shall
become concave downward within

2,0 seconds following the start of
the maneuver, and remain ccncave

downward until the attainment of

maximum angular velocity; with the
exception that for this purpose, a
faired curve may be drawn through

any oscillations in angular velocity

not in themselves objectionable to
the pllot. Preferably, the time-
history of angular velocity should
be distinctly concave downward
throughout the period between 0.2
second after the start of the man-
euver and the attainment of maximum
angular velocity. The figure below
is illustrative of the angular

velocity response considered accept-

able.

—aated
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Comments

A helicopter in forward flight
tends to have dynamic stability
characteristics similar to fixed
wing aircraft. The typical longi-
tudinal dynamic modes a helicopter
has in forward flight are a "phugoid”
type response and a response resem-
bling a short period mode. The
short period mode should be well
damped to keep flight path deviations
to a minimum, The long period response
should be stable and have frequency
low enough for the pilot to easily
correct the response. A slowly di-
vergent phugoid with altitude loss
can hinder low altitude night flying,
especially at sea with little or no
surface visual cues. Attitude hold

, functions are presently being used

j=t— NOT TO i

0 10 20

Damped Natural Period
~ Secounds

EXCEED

- 2.0 SECONDS \
, ; YPOINT OF

A

| INFLECTION

30 to ensure against extreme altitude

loss.,

The above MIL-H-8501A criteria
is very lenient, even for VFR flight.
For any oscillation having a period
longer than 20 seconds there is no
requirenent.

The type specifications for the
SH-2F and CH-53E use the above MIL-
H-8501A criterion for VFR forward
flight dynamic stability requirements.

Time - seconds

-

me— NOT TO ~———————amf
EXCEED

2.0 SECCNDS

wl

——— POINT OF INFLECTION

|
|
l
2

Time ~ seconds




_Ab-R124 667 R PRELININARY ASSESSNENT OF HELICOPTER/VSTOL HRNDLING 2/2
URLITIES SPECIFICATIONSCU) NAVAL RIR

i CENTER WARMINSTER PR AIRCRAFT AND CREH . K GOLDSTEIN

UNCLASSIFIED @4 NOV 82 NRDC-81823-68 .F/6 173




LAV 3reat et e R g0 .....*» PR e - ] «.-uv..l_”-ﬁl-ﬂ,x.‘..t.':u ‘

-

...,.

u..-

‘(‘_‘(‘

s | .\

L]

— [

n-h- , o I

‘ )
A v

-..—
=

-.

o "2

o e
-u.-

-\,‘

f

‘AQ

-
=
-.-,

y .

e s
-‘.. ,..

b )

o ' y
ﬁw._ o . o b Do e

. e AT TS
. 7
P _‘

. s

" :

[ 0
o . T

2\, | . AI—. 0. 8.

& ol cifl ol —
.

. «

b .- . |

1l
7 | SEEE]
)

: a3
- \_ . | ‘
g JA2333a243
-I\-.

RS
T.—M
g ! - -
) A v

2

. —— “‘l\

- S ———
2 —— e —
P
Ll
'

o
[

I
(]
Voo
W
» n--
‘Y
[
1

R AT R TR
ERAXY LR Tl P
H R

1.6
=

1.4
=

|

125

———
——
e ———

Il

. MICROCOPY RESOLUTION TEST CHART
.-  NATIONAL BUREAU OF STANDARDS-1963-A

-

SURIORrO

; ol T p—p—y——
R S T S AT ‘ S
.n.....,-.~«...... S AL ARCACCIA k i

et e et RS RS

PP

-

A

P R
e e s
i sl

ROUEAIR

-




0 R k£
LA A

T

T
Thatt
S

20 PR

.‘L—-l_

TV

L an o

...........

NADC-81023-60

MIL~F-83300

3.3.Z Longitudinal Dynamic Response.
The following requirements shall apply
to the dynamic response of the aircraft
with the pitch control free and with it
fixed, These requirements apply fol-
lowing a disturbance in smooth air, and
following abrupt pitch control inputs
in each direction for responses of any
magnitude that might be experienced
in operational use. If the oscilla-
tions are nonlinear in amplitude, the
requirements shall apply to each
cycle of the oscillation.

Level 1: The response of the
aircraft shall not be
divergent (i.e., all

roots of the longitu-
dinal characteristic
equation of the aircraft
shall be stable). In
addition, the undamped
natural frequency, w_,

and damping ratio, c?

of the second-order pair
of roots (real or complex)
that primarily determine
the short-term response
of angle of attack fol-
lowing an abrupt pitch
control input shall

meet the level 1 require-
ments of the bottom figure
shown below.

1
Satisfactory

§ o L1P-7—7—ﬁr-r-9-7-7-7—7-7-7d

-01 "

[ [
10 20
Natural Period

{=.3 Note the minimum

vehicle 8/,

/— w: =15 ./Q
O A3 AR B0 ANN Aux fav Ay auv o
o Y

0 1 2 3

[
A 8 3 3

2 function of the

Comment - The abcve critéria addresseq
longitudinal dynamic stability only.
Unlike the pitch-roll coupling characs
teristic in hovering €flight, a heli-
copter in forward flight has primarilj
decoupled longitudinal modes and cou-
Pled lateral-directional modes, similj
to fixed wing aircraft. The require-
ment is divided to account for the
usual short period and long period
responses.
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AGARD 577

2.8 Longitudinal Dynamic Stability.
The responses of the aircraft should
not be divergent (i.e., all roots
of the longitudinal characteristic
equations should be stable). In
additicn the damping ratio of the
second-order pair of roots that pri-
marily determine the short-term re-
sponse of angle of attack and pitch
attitude following an abrupt pitch
control input should be at least
0.3 for the most critical undamped
natural frequency.

The' frequency and damping charac-
teristics of any oscillation super-
imposed on the normal control modes
for VIOL aircraft in hover and VSTOL
aircraft at the approach reference
speed should meet at least the value
shown in the figure below. Any sus-
tained residual oscillations should
not degrade the pilot's ability to
perform the required tasks.

These criteria ap-ly with the pitch
cockpit control free and fixed.

.a
r
2F £ = .4910g)¢ T, + 422
3 .
0
-02 L
0 10 20
T «~ 8ecC

Comment - See longitudinal hover
dynamic stability.
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SH-60B TYPE SPEC

10.3.3.2 Longitudinal Dymamic Stability.
The following conditions shall be met for
a single disturbance in smooth air with
controls fixed. These conditions shall
also apply at all permissible airspeeds,
rotor rpm and loadings, both in straight,
climbing, descending, and turning flight,
and at high, medium, and low altitude.

a) Any oscillation having a period
of less than 10 seconds shall
damp to one-half amplitude in
not more than two cycles. There
shall be no tendency for undamped
small oscillations to persist.

b) Any oscillation having a period
greater than 10 seconds shall
not achieve double amplitude
in less than one cycle.

¢) There shall be no tendencies
for small amplitude, short
period residual oscillations
to exist.

d) There shall be no objectionable
flight characteristics attri-
butable to apparent poor phugoid
damping.

e) There shall be no tendency for
a sustained or uncontrollable
oscillation resulting from efforts
of the pilot to maintain steady
flight.

wg ~ rad/sec
..1

Comments

Although MIL-H-8501A does have

a forward flight longitudinal dynamic
stability criteria the allowable insta-
bilities are too permissive for many
present day ASW missions. The SH-60B
type specification includes the above
criteria (the same for longitudinal
hover dynamic stability) to restrict any
extreme divergent phugoid responses.

The MIL-H-8501A maneuvering stability
criteria (paragraph 3.2.11.1) is also
used in SH-60B type specification with-
out variation.
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- Forward Flight Dynamic Stability; Longitudinal

SPECIFICATION COMPARISONS

Of the specifications reviewed only MIL-F-83300 has a separate

criteria for forward flight longitudinal dynamic stability over the
hover criteria. For forward flight MIL-F-83300 specifies short and long

. period longitudinal oscillations separately from lateral modes.

As in the hover case, MIL-H-8501A has the most lenient criteria of
the specifications reviewed. Second-order response parameters are used
by all the specifications to specify desired stability characteristics.
Both of the VSTOL specifications require that all roots of the longi-
tudinal characteristic equation be stable. Short period responses are
required to have a damping ratio of at least ,3. The documentation of
AGARD 577 states that the lowest frequency allowed for the short period

is between 1 and 2 rad/sec, or a period of between 3 and 6 seconds.

Within reference (c) the above MIL-F-83300 dynamic stability criteria
were described as much too lenient for helicopter applications. A
lightly damped phugoid causing a gradual but drastic altitude loss in
low altitude high speed flight (i.e., contour flying) was presented as
an example., If using the MIL-F-83300 criteria is too lenient for heli-
copters then the MIL-H-8501A criteria is completely inadequate for

design considerations.

It is of interest to note that the MIL-H-8501A maneuvering stability
criteria, the so called "concave downward" criteria, can be compared to
the MIL-F-83300 short period plot. Seckel (reference (s)) shows that
the normal acceleration concave downward requirement (nz = 0 within 2
seconds) can be expressed by second-order response parameters. Figure 7
shows the C, W boundary, representing the MIL-H-8501A concave downward
criteria, compared to the MIL-F-83300 short period requirement boundary.
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Figure 7, MIL-F~83300 Short~Term Dynamic Stability
Comparison with MIL-H~8501A Maneuvering
Stability.

™

92

P T e M e . .
- LR AT Al L T e T R
e i g s e T a1 sl




g ¢
G
:
.
L

) L
eyt

S

LT ARG ¥

YT sy gy W L 2 i Sl e g
P JANOAIEAG | U""
-. .' .' -l .I..K-.-. s ',._','..A..

NADC-81023-60

The minimum frequency boundary, specified by MIL-F-83300, limits satisfactory
short period frequency in a similar manner to the MIL-H-8501A concave
dowvnward criteria. The MIL-F-83300 short period could be used as a

guide in preliminary design for maneuvering stability where as the

actual MIL-H-8501A criteria directly addresses flight test procedures.
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- Forward Flight Dynamic Stability; Longitudinal

DATA COMPARISONS

Lo , ® SH-60B
0, [J c8-53p
1 B
f @150 o 60 A XH-59A
2 120 80 -.150 80 SOLID SYMBOLS -
2 o l“ LT A2 AUGMENTATION ON
4 % 150 VELOCITY IN KTS
5 120 NEXT TO SYMBOLS
180 160 , 120
2 AA A 180
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t!ﬂ : Damped Natural Period ~ Seconds
. Each of the vehicles analyzed easily satisfied all the specifi-
v cation boundaries for normal flight conditions (the solid symbols).
' This compares well with qualitative pilot ratings for the three air-

craft. All the vehicles were described as having good longitudinal
dynamic stability characteristics, in particular the SH-60B having
excellent phugoid damping. For lower speeds (80 and 120 kts) the
SH-60B model showed convergent phugoids with periods of 100 seconds and

60 seconds respectively.

One problem encountered in the analysis was in determining the
appropriate short period and long period modes. Although rotary wing
forward flight dynamic stability responses are similar to conventional
fixed wing modes there are distinct differences. The typical rotary
wing short and long period responses can have the same frequency. The
CH-53D and SH~60B, with augmentation on, exemplify some of the problems
in labelling a certain response. There is no short period response from
the SH-60B model until the 150 knot case. The CH-53D model, in contrast,
shows only a short period response. At 60 knots the CH-53D also has a
heavily damped pitch-roll response. This is the same pitch-roll coupling
observed in the hover model. With augmentation off (open loop responses)

the modes look more like conventional responses.
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- Forward Flight Dynamic Stability; Longitudinal

DATA COMPARISONS
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For normal flight conditions (AFCS on) the three vehicles analyzed

easily satisfied all the specifications' requirements for short period
The CH-53D model shows a short period of decreasing frequency.

, responses,
Ei : By 150 knots the 11 second period is not characteristic of a conventional
e short term response. For AFCS on flight the SH-60B model shows no

. response representative of a short period. This is also true for the

p

]

LS

e XH-59A., Yet for AFCS off conditions both vehicles revealed modes similar

to a conventional short period.
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-~ Forward Flight Dynamic Stability; Lateral-Directional

MIL-H-8501A ) Comments

VFR lateral-directional dynamic stability Forward flight lateral and directional
criterion for forward flight are not in- dynamic stability characteristics of heli-
cluded in MIL-H-8501A. copters are similar to conventional fixed
wing lateral-directional modes. That is,
in forward flight the lateral and direc-
tional responses tend to couple. A dutch
roll type response is typical for heli-
copters in forward flight. This coupling
of roll and yaw responses separates
forward flight from hover dynamic stability
where a pitch-roll coupling is prevalent.
With objectionable dutch roll damping
or lateral phugoid characteristics a
pilot may experience difficulty in flight
path control and turn coordination.

With roll attitude deviations altitude
loss can occur.

The only VFR lateral or directional
response requirements in MIL-H-8501A are
the previously discussed roll and yaw
rate damping derivatives, These do not
give adequate design guidance for dutch
roll or lateral phugoid responses.

Like MIL-H-8501A, the SH-2F and CH-53E
type specifications do not include criteria

for VFR lateral-directional forward flight
requirements.
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MIL-F-83300

3.3.7.1 Lateral-Directional Oscillations
(Dutch Roll). The frequency, w_, and
damping ratio, § ., of the laterif-direc-
tional oscillations following a disturb-
ance input, for example a yaw control
doublet,shall exceed the minimums spec-
ified in the figure below. The require-
ments shall be met with controls fixed
and with them free for oscillations of
any magnitude that might be experienced
in operational use. If the oscillation
is nonlinear with amplitude, the require-
ments shall apply to each cycle of the
oscillation. Residual oscillations may
be tolerated only if the amplitude is
sufficiently small that the motions are
not objectionable and do not impair
mission performance. With control sur-

faces fixed, m;; shall always be

greater than zero.
Cd.oos 9 1

wg ~ rad/sec

Level 1 b .5

N VNV VN

Apprp———p————— 0
-.50 -.25 0

- cd“’nd

Comment - The expected differences between
hover and forward flight dynamic stability
characteristics for VIOL/VSTOL vehicles
are accounted for by MIL-F-83300,

The above criteria for forward flight
lateral-directional responsaes is separate
from the hover lateral or directional
stability criteria.
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AGARD 577

3.9 Lateral-Directional Dynamic
Stability. Any roll-yaw oscillations
superimposed on the normal control
mode due to a disturbance input
should exhibit at least the frequency
- damping characteristics shown in
the figure below for the forward
flight speed range specified. Also,
there should be no tendency for per-
ceptible small-amplitude oscillations
to persist or for pilot-induced oscil-
lations to result from the pilot's
attempts to perform the required
flight tasks.

3
[ ¢ = -.38 logypg T, + .46
21
z Satisfactory
A} Normal Flight
0
-.1 o
-02 " ) L}
0 10 20
Tn ~ sec

Comment -~ See lateral dynamic stability
for hover conditions. AGARD 577 uses
the above criteria for hover responses
also.
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SH~60B TYPE SPEC

10.3.4.3 Lateral-Directional Stability.

Lateral-directional oscillations with
controls fixed or free following a single
disturbance in smooth air shall exhibit
minimum damping characteristics as a
function of the damped natural frequency
corresponding to the figure below. 1In

"~ addition, any oscillation having a period
.greater than 10 seconds shall not achieve
double amplitude in less than one cycle.
There shall be no tendency for undamped
small oscillations to persist.

11
“d
Satisfactory
1%
- . 0
-1 - 0
; Tuy

a1, s
'

AREACRIN
R /] DU AR

=~

A

o Comment - See lateral dynamic stability
- for hover conditions. The type speci-
- fication uses the above criteria for
,i‘ hover responses also.
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NADC-81023-60
- Forward Flight Dynamic Stability; Lateral-Directional
SPECIFICATION COMPARISONS

MIL-H-8501A is the only specification reviewed that does not include
a VFR lateral-directional dynamic stability criteria. The SH-60B type
specification includes a lateral-directional dynamic stability criteria
to cover both hover and forward flight. Each specification with a

requirement uses %, w_ parameters to define satisfactory responses.

Green and Richards (reference (c)) state that the MIL-F-83300 dutch
roll criteria is too lenient for helicopter missions, in particular IFR
missions. Their conclusion was reached by comparing available helicopter
data with the MIL-F-83300 level 1 and level 2 requirements. Their
comparisons showed the production helicopters easily satisfied the
criteria. These helicopters were designed under the guidance of MIL-
H-8501A, which has no VFR lateral-directional dynamic stability criteria,
thus the point that the MIL-F-83300 criteria is too lenient may not be
valid.
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- Forward Flight Dynamic Stability; Lateral-Directional -

DATA COMPARISONS
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Sk 140 SOLID SYMBOLS -
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....... 73 ~®‘ooo'a s 00 ’- e s g0 ey, . 9 -7,—. SH-6OB Type Spec
-.S a8 Py 2 2 N
0 5 10 15 20 25

Damped Natural Period ~ Seconds

The cluster of open symbols show a common damped dutch roll
response for the single rotor helicopters analyzed. The CH-46A has a
directional divergent response characteristic of tandem rotors. For
augmentation on (the solid symbols) the responses are all well-damped
over a wide range of frequency. The CH-53D for example has non-
oscillatory modes at the higher speeds. The production helicopters
easily satisfy all the boundaries. The XH-59A in contrast has a short
period dutch roll that falls right on the MIL-F-83300 level 1 boundary.
The XH-59A data is from reference (o) for a nonauxiliary power configu-
ration. A similar dutch roll response was also found with the auxiliary
power engines installed. Pilots described the XH-59A as having forward
flight flying qualities characteristics similar to a fixed wing aircraft,
particularly in the lateral-directional axes. Within reference (o) the
above response was compared to MIL-F-8785, the fixed wing flying qualities
specification. The dutch roll response specifically was described as
being a well-damped yaw oscillation with weak pitch and roll coupling.
Navy pilots found difficulty in exciting this response and thus described
it as an enhancing characteristic of the XH-59A airframe.
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- Forward Flight Dynamic Stability

Only MIL-F-83300 has criteria explictly for forward flight dynamic
stability. MIL~-H-8501A, AGARD 577, and the SH-60B type specification
all use the same longitudinal dynamic stability criteria for forward
flight and hovering conditions. Both AGARD 577 and the SH-60B type
specification use the hover lateral-directional dynamic stability criteria
for forward flight as well. MIL-H-8501A has no VFR forward flight
lateral-directional dynamic stability criteria.

Each of the aircraft analyzed compared favorably to all the longi-
tudinal dynamic stability boundaries. MIL-H-8501A has by far the most
lenient criteria for longitudinal short period or phugoid responses.

The two VSTOL specifications require that longitudinal dynamic short
period angle-of-attack responses have a damping ratio greater than or
equal to 0.3. The two helicopter specifications have the maneuvering
stability concave downward criteria. The MIL-F-83300 short period
boundaries and the concave downward criteria plotted together are very
similar. The one problem with addressing short period and phugoid
responses 1s that helicopters may not show these conventional modes.

This is especially true of the new aircraft with highly augmented con-
trol systems. There were many problems encountered in determining which
responses to compare against the MIL-F-83300 short period criteria. The
SH-60B model does not even show a short period type response until

150 knots. Using an approach similar to that in MIL-F-8785C, that is,
reduced order equivalent systems methods could possibly eliminate some

of these problems. Further analysis to see if the reduced order equivalents
can accurately represent the higher order rotary wing models is necessary.
Only the XH-59A did not satisfy all the lateral-directional require-
ments. The helicopters analyzed against the specifications easily met
the criteria for normal flight conditions. Each of these helicopters

has been qualitatively described as having adequate forward flight
lateral-directional dynamic stability characteristics. The XH-59A was

also described as having satisfactory characteristics. For augmentation
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NADC-81023-60

off flight the CH-46A showed the typical tandem rotor divergent direc-
tional response, while the single rotor helicopters showed a damped
short period dutch roll mode. Rotor configurations like the CH-46A
and the XH-59A that do not have tail rotors may have unusual lateral-
directional modes. Varied rotor configurations, like the XH-59A, may

show up as anomalies in comparison to the present specificationmns.

Overall, MIL-H-8501A has a longitudinal forward flight dynamic
stability criteria which gives very lenient design guidelines and has no
design guidance for VFR lateral-directional forward flight dynamic
stability. A criteria addressing a dutch roll or lateral phugoid response
should be included within the helicopter specification to give guidelines
for future aircraft like the ABC.
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CONCLUSIONS AND RECOMMENDATIONS

A preliminary comparative analysis between four state of the art
rotary wing aircraft and the current helicopter and VSTOL handling
qualities specifications has been completed. The conclusion that
MIL-H-8501A cannot give adequate design guidance for current or future
helicopter/rotary wing aircraft has been previously presented in many
papers (references (b) thru (f)). The present analysis including the
SH-60B, XH-59A, and XV-15 aircraft, substantiates this conclusion. A
summary of the major deficiencies found within MIL-H-8501A are:

1. The hover control power criteria (attitude response and
rate damping criteria) inadequately address
mission or rotor configuration differences. Although the
MIL-H-8501A weight parameter tended to be more applicable
to the analyzed vehicles than the VSTOL specifications the
differences in control response due to mission/rotor
configuration were not adequately represented. The CH-46A
and the XH-59A exemplify these anomalies, in particular
for the lateral and directional axes. The possibility of
defining control power criteria according to vehicle
mission (see Table I) should be analyzed. This could
allow for the addition of categories for ship-based
operations and nap~-of-the earth flight conditioms,
where still wind, out-of-ground effect criteria may
not require sufficient control power levels.

2. . No guidance is given for VFR hover lateral or directional
dynamic stability characteristics. The CH-53D and SH-60B
easily satisfied all the specifications for longitudinal,
lateral and directional responses, and have been quali-

- tatively described as having level 1 characteristics. The
- XH-59A, in contrast, has an ABC unique pitch-roll-yaw
coupled response that in low hover has been described as

a level 2 response. In the lateral and directional axes
the XH-59A response barely satisfies MIL-F-83300 and fails
to meet the AGARD 577 boundary. The inclusion of criteria
for VFR lateral or directional dynamic stability for hover-
ing flight should be considered so design guidance will be
available for new vehicles like the XH-59A.

MRS P AN A
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3. No guidance is given for VFR forward flight lateral-
directional dynamic stability characteristics. Each of the
vehicles analyzed has been qualitatively described as having
adequate lateral-directional dynamic stability characteristics.
The XH-59A was described as having characteristics similar
to a fixed wing aircraft in forward flight. The data for
the XH-59A does not satisfy the AGARD 577 boundary or the
SH-60B type specification boundary, yet falls right on a
MIL-F-8785 level 1 boundary. A criteria for VFR lateral-
directional stability (i.e., dutch roll and lateral phugoids)
should be including in the helicopter specification for i
design guidance for newly developed vehicles.

4. The airspeed range about the trimmed airspeed for which
longitudinal static stability must be demonstrated is not
quantified in MIL-H-8501A. The two flight test programs
reviewed used 15 to 40 knot variations. For consistency
and clarity a quantified range should be considered for
addition to the helicopter specification criteria.

The reviewing and comparative analysis between the VSTOL specifi-
cations, the helicopter type specifications and MIL-H-8501A resulted in
supplementary conclusions about MIL-H-8501A and the type specifications.

o These points include:

1. MIL-H-8501A does not give adequate guidance to address
the differences in handling quality characteristics
between hovering and forward flight conditions. The
format used in MIL-H-8501A does not easily allow for
a thorough description of necessary requirements. The
hover/low speed and forward flight divisions used by
MIL-F-83300 did address the longitudinal/lateral response
similarities in hover while also addressing the lateral-
directional response coupling for forward flight con-
ditions. Throughout the review of the specifications
it was apparent that MIL-F-83300 has the most thorough
format for VSTOL/rotary wing vehicles.
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MIL-H-8501A has very limited guidance for degraded flying
qualities. Again the format of MIL-F-83300, defining the
three levels of flying qualities for each criterion, is
the most thorough approach. Considering the increasing
complexity of helicopter automatic flight control systems
to fulfill increased mission requirements, the helicopter
handling qualities specification should define minimum
characteristics with AFCS failures. MIL-H-8501A, last
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revised in 1962, gives incomplete design guidance for such
failures. As suggested by Key (reference (d)) the refor-
matting of the helicopter specification in line with
MIL-F-83300 and MIL-F-8785 would allow for a more thorough
description of normal flight level 1 flying qualities
(hover and forward flight) and of degraded level 2 and 3
flying qualities. This reformatting of MIL-H-8501A

would be a large positive step in updating the helicopter
specification.

The three helicopter type specifications reviewed for
the SH-2F, SH-60B, and the CH-53E all used MIL-H-8501A
as a base. Thus, they also separated criteria into
longitudinal, lateral, and directional characteristics.
For the SH-2F and CH-53E, the helicopters had to meet
the requirements of MIL-H-8501A except for modified
control force criteria. The SH~60B type specification
has additional criteria not addressed within MIL-H-8501A,
but for the majority MIL-H-8501A was the basis for the
specification. Considering the deficiencies in
MIL-H-8501A, the completeness of the type specifications
should be in doubt. In particular there is little or

no systematic guidance in any of the type specifications
for degraded flying qualities.

There is an overall lack of rotary wing handling qualities
data. Pilot ratings for the SH-60B, CH-53D, XH-59A, and
XV-15, for example, are few and far between. To substantiate
any revised criteria, data for varied missions and rotor
configurations would be extremely useful. A future Army-
Navy program designed to f£ill many of these data gaps is
presently being considered. A Background Information and
User Guide (BIUG) similar to those developed for MIL-F-83300
and MIL-F-8785 should be generated for the helicopter speci-
fication to describe the criteria substantiation data (new
and old) and clarify how to apply the criteria to the vehicle
in question. MIL-H-8501A presently has no user guide or
substantiation data report.

Although MIL-F-83300 is more up to date and complete than
MIL-H-8501A in many areas, there are handling qualities
characteristics particular to helicopters/rotary wing
aircraft that the VSTOL specification does not adequately
cover, The review of MIL-F-83300 by Green and Richards
(reference (c)) presents many of these characteristics.
One in particular is that the definition of Vcon is not
easily applied to helicopters. As well as thé question
of whether or not helicopters would be required to meet
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MIL-F-8785 criteria for speeds above V . It is inte-
resting to note that many of the criti€98ms and defici-
encies of MIL-F-83300 according to reference {(c) also
apply to MIL-H-8501A.

NAVAIRDEVCEN is currently continuing with helicopter stability and
control analyses including additional aircraft and criteria. Supple-

menting the analysis presented in this report the following areas are
being investigated:

1.

2.
3.

4,

Vertical control response characteristics and
criteria,

IFR requirements and criteria,

Aerodynamic and gyroscopic cross-coupling
characteristics and criteria, and

Equivalent systems.
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LIST OF SYMBOLS

Units
Longitudinal cyclic pitch rad
Center of gravity of the vehicle % or inch
Control force | 1b
Gross weight of the vehicle 1b
Altitude of the vehicle ft
Nacelle incidence angle; deg
90° in helicopter mode
Rolling moment of inertia slug-ft2
Pitching moment of inertia slug-ft2
Yawing moment of inertia slug—ft2
Roll rate damping sec™!
Lateral velocity stability rad/ft sec
Lateral control sensitivity rad/seczlin
M Pitch rate damping sect
Mu Longitudinal velocity stability rad/ft sec
MdB Longitudinal control sensitivity rad/seczlin
N Yaw rate damping sec”t
Nv Directional velocity stability rad/ft sec
{ Nd Directional control sensitivity rad/seczlin
g |3
n, Normal acceleration ft/sec2
P Roll rate deg/sec
q Pitch rate deg/sec
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Subscripts

opt

1/2

con
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LIST OF SYMBOLS (cont'd)

Damped natural period
Undamped natural period
Velocity of the vehicle
Angle of attack

Lateral control displacement

Longitudinal control displacement

Height control displacement

Flap deflection

Directional control displacement

Pitch attitude

Roll attitude

Yaw attitude

Time constant

Frequency

Undamped natural frequency
Damped natural frequency

Damping ratio

Optimum
Maximum

Unit displacement or unit time
elapsed

One-half second time elapsed

conversion

.......

Units
sec
sec
knot

deg

b

deg

in

deg

deg

deg

sec
rad/sec
rad/sec

rad/sec

inch or sec

sec

------
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APPENDIX A

AIRCRAFT DETAILS
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SH-60B

The SH-60B (figure A-1) is a single rotor, twin turbine Anti-
Submarine Warfare (ASW) and Anti-Ship Surveillance and Targeting (ASST)
helicopter with a nominal mission gross weight of 19,950 lbs. The rotor
system is characterized by a four bladed fully articulated main rotor
with a four bladed bearingless tail rotor canted 20 degrees for addi-
tional 1ift capability. Two T700-GE-401 engines rated at 1558 shp power

the rotor system.

An Automatic Flight Control System (AFCS) comprised of a Stability
Augmentation System (SAS), an Electronic Flight Control System (EFCS),
and the stabilator control system is part of the SH-60B., The SAS and
EFCS augment dynamic stability while the stabilator is controlled via an
airspeed schedule to reduce large longitudinal cyclic stick variatioms
in transitioning from hover to forward flight. Aircraft attitude,
heading, altitude and airspeed retention functions are controlled by the

outer loop functions of the AFCS.

The basic airframe stability and control derivatives used in the
development of the analyzed model were taken from reference (m). These
derivatives were then modified to account for the horizontal stabilator

and pitch bias actuator effects.

A=-2
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Physical Characteristics

Main rotor Vehicle overall length 64.83 ft

Blades 4
Radius 26.88 ft
Hub type fully-articulated

Tail rotor (canted 20°)

Blades 4
Radius 5.5 ft
Hub type bearingless

Horizontal stabilizer (moveable)
Area 41.21 ft2

Span 14.33 ft
Dihedral 0.0

Figure A-1. SH-60B 3-View
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CH-53D

The CH-53D (figure A-2) is a single rotor, twin turbine, heavy
assault, transport helicopter with a nominal mission gross weight of
35,000 1b, The rotor system is comprised of a six-bladed, fully artic-
ulated main rotor with a four-bladed conventional semi-articulated tail
rotor. Two T64-GE-413 engines rated at 3695 shp drive the rotor system.

An AFCS is part of the CH-53D flight controls to augment stability
similar to the SH-60B though the horizontal stabilator has a fixed
incidence contrasting the movable SH-60B stabilator. Attitude, heading
and altitude hold functions are included in the AFCS. The stability and
control derivatives as well as the hover transfer functions used in the

analysis are from refereunce (n).
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NADC-81023-60

Main rotor

Blades
Radius
Hub type

Tail rotor

Blades
Radius
Hub type

Horizontal st

Area

Span
Dihedral
Incidence

Physical Characteristics

Vehicle overall length 88.10 ft

6
36.12 ft
fully-articulated

5
8 ft
semi-articulated

abilizer (fixed)

40,00 ft2
10.18 ft
5.0°
3.0°

Figure A-2. CH-53D 3-View
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NADC-81023-60

XH-59A

The XH-59A (figure A~3) is an experimental aircraft developed by
Sikorsky Aircraft using two coaxial counterrotating three-bladed rigid
rotors. This Advancing Blade Concept (ABC) eliminates the need for an
anti-torque tail rotor as well as the asymmetry of 1lift in forward
flight, characteristic of single rotor helicopters. The rotor system is
driven by a Pratt and Whitney PT6T-3 twin-pack turboshaft power plant
rated at 1452 shp. The XH-59A was also outfitted with two auxiliary
propulsion Pratt and Whitney J60-P-3A turbojets for high speed flight
testing (above 150 kts). The engines were side mounted as shown in
figure A-3 with each generating 3300 1lb of static thrust. Nominal
aircraft gross weight is 12,500 1bs with the auxiliary power engines and
9000 1bs without.

A simple rate damping SAS is provided for the longitudinal and
lateral control axes. No retention functions are included in the
XH_SgAQ

Navy and Army interest in varied concepts for VTOL/VSTOL missions
led to an extensive flight test program on the XH-59A. All of the data
included in this report are taken from these test flights documented in

references (i), (k), and (o).
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NADC-81023-60

Physical Characteristics

Rotors 2 coaxial Vehicle overall length 41.67 ft

Blades per rotor 3

Rotor separation 30 in
Radius 18 ft

Hub type hingeless

Horizontal stabilizer (fixed)

T& T

R Area 60 £t2
- Span 15.5 ft
P Elevator 25% of horizontal tail area

Vertical stabilizer (2 fins)

e

Area (total) 30 ft?
Rudder 30% of vertical tail area

(R P XOP IO

Figure A-3. XH-59A 3-View
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NADC-81023-60

XvV-15

The XV-15 (figure A-4) 1s an experimental aircraft developed by
Bell Helicopter using a tilt-rotor configuration. Each wing tip of the
aircraft holds an engine, transmission, and rotor assembly. Tilting
range of the nacelles are 96.5 degrees (helicopter mode) to O degrees
(airplane mode). The engines for each rotor are Lycoming LTC1K-4K
rated at 1250 shp. The aircraft design gross weight is 13,000 1b.

A Stability and Control Augmentation System (SCAS) is included in
the XV-15 to aid dynamic stability and to enhance controllability. Rate
damping is provided for the longitudinal, lateral, and directional axes,
while only pitch and roll attitude hold functions are included. Refer-

ence (1) contains portions of the data presented.
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NADC-81023-60

Physical Characteristics

Rotors 2 side-by-side

Blades per rotor 3

Radius 12.5 ft
Span between hubs 32.17 ft
Hub type gimbal mounted, stiff in-plane

Horizontal stabilizer (fixed)

Area 51.50 ft2

Span 12.83 ft

Elevator 25% of horizontal tail area
Vertical stabilizer (2 fins)

Area (total) 50.50 fe2
Rudder 15% of vertical tail area

Figure A-4., XV-15 3-View

A-9

Vehicle overall length 46.25 ft

Vehicle overall width 57.17 ft
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